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Great Lakes Water Quality Board
International Joint Commission
Members of the Committee:
At the 30th meeting of the Great Lakes Water Quality Board held on
December 1—2, 1977, the Implementation Committee was requested to report
on the persistent toxic pollutants in the basins of lakes Erie, Michigan,
Huron and Superior.
On January 19, 1978, the Implementation Committee requested the
undersigned to prepare an inventory of qualitative and quantitative
information on the distribution of organic and heavy metal contaminants
within the four basins. We have prepared the inventory and are pleased
to submit this "Status Report On Organic and Heavy Metal Contaminants in
the lakes Erie, Michigan, Huron and Superior Basins".
It is our understanding that under the auspicies of the Implementation
Committee, this inventory will be assessed to determine those contaminants
which maypresent a hazard to human health and the environment and to
determine if additional programs and measures are necessary to protect
public health and resources in the lake basins.
Respectfully submitted,
_ / -. /
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 Early in 1978, the Great Lakes Water Quality Board directed its
Implementation Committee to prepare a report which would: review available
data on the distribution and bioaccumulation of "toxic materials" in the
basins of lakes Erie, Huron, Superior and Michigan; define the necessary
future programs to assess the degree of contamination in the basins; and,
recommend future data collection, financial and technical assistance to
'
conduct necessary programs and measures to protect the public health and
resources of lakes Erie, Huron, Superior and Michigan. A report for Lake
Ontario was prepared in l976.
This report to the Implementation Committee is an inventory of organic
and heavy metalcontaminants which have been detected in the basins of lakes
‘Erie, Huron, Superior and Michigan. Subsequently, under the auspicies of the
Implementation Committee, the identified contaminants will be evaluated to
determine which, if any, may have potential effects on human health and the
environment.
























emphasis on the immediate problems relating to mirex, kepone, PCBs and other
identified pesticides. The State of New York suggested to the Water Quality





















2. Coordination of future programs to assess the degree of contamina—
tion of Lake Ontario.
3. Recommendations regarding future data collection, financial and
technical assistance to conduct necessary programs and measures to
protect the public health and resources of Lake Ontario.
In response to the State of New York's suggestion, the Water Quality
Board directed the Implementation Committee to review the available data on
the distribution and bioaccumulation of toxic materials in Lake Ontario. It
also directed tnc;€ommittee to investigate the feasibility of utilizing the
existing committee structure of the Board to undertake items #2 and #3.
In its consolidation of available information on the bioaccumulation and
distribution of toxic substances in Lake Ontario, the Committee limited its
efforts to 50 specific substances.‘ The substances included those for which
water quality objectives have been recommended by the Water Quality Board to
the International Joint Commission, and substances obtained from lists of:
the Environmental Contaminants'Cdntrol Branch (Canada); the Court Settlement
Agreement between U.S. EPA and.the Natural Resources Defense Council; and, the































































































mutagen, carcinogen, or teratogen.
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Great Lakes Water Quality Board in its Report to the Commission in
July 1978 concluded:
(a) The proliferation of hitherto—unreported chemical compounds
discovered in the Great Lakes ecosystem in recent years is
probably related to the increasing skills of analytical chemists
to identify them rather than to any real, sudden increase in
their presence in the ecosystem. As analytical methods become
more sophisticated, this trend will continue.
(b) Such information on contaminants provides a basis for assessing
potential effects on human health and the environment. This
establishes a baseline for future studies to determine if
concentrations of individual chemicals are increasing over a
period of time and can aid in determining the source of the
compound in question.
(c) Many of the compounds detected are known to have the potential
to be detrimental to human health or otherwise affect ecosystem
quality. However, such potential may be realized only under
exposure conditions far removed from those experienced under
present conditions in the Great Lakes Basin.
(d) Although there have been advances in the science of toxicology
such that a number of screening techniques indicative of poten—
tial toxicity have been developed, definitive studies to charac—
terize the potential of a chemical to produce adverse effects
remain expensive, time—consuming and demanding of facilities and
expertise which is available only to a limited extent.
(e) As a consequence of this growing list of contaminants, vigorous
application of toxic substance legislation introduced in Canada






















































































































































due to the considerable amount available from many sources, it is
expected that some of the data will be new to many of the investi-
gators working within water pollution control efforts.
 TABLE
1(1)
SUMMARY OF THE DISTRIBUTION OF CONTAMINANTS FOR WHICH
GREAT LAKES WATER QUALITY OBJECTIVES HAVE BEEN DERIVED
E — Lake Erie
D - St.
Detroit River
Clair River, Lake St. Clair
H ~ Lake Huron
S — Lake Superior
M — Lake Michigan





Reg. Nos. WATER SEDIMENT AIR +SLUDGE PLANKTON FISH WILDLIFE
Organic Substances
Aldrin 309002 HS EDHM EHS
Chlordane 57749 SEHD ED EDHM E EHSMD ES
Dieldrin 60571 HSMED EHSMD‘ EHS EDHM HSE EDHSM EHSM
DDT and metabolites 50293 HSMED DSMEH ESHD EM SEH EDHSM HSM
Endrin 72208 SE EDHM E HS
Heptachlor 76448 HS EDHM
Heptachlor epoxide 13366680 SEDH ED E EDHM EDHS EHSM
Lindane 58899 HSE EHS EDHM HS
Methoxychlor 72435 S EHS DM HS
Toxaphene 8001352 S HS
Phthalic acid esters* EDHSM SHED EDHM S HSM
Polychlorinated
Biphenyls 27323188 EHSMD EDHSM EHSMD EDHSM EHS EDHSM EHSM
'Kepone
ClOCl12 (Mirex and
Dechlorane) E E S EHSM
Inorganic Substances
Arsenic 7440382 EDHSM EDHSM MDHE DSM M EHSM
Cadmium 7440439 EDHSM EDHSM EHSMD EDSM EHS
Lead 7439921 EDHSM EDHSM EHSMD EDSM EHSM
Mercury 7439976 EDHSM EDHSM EDSM EM EDHSM ESM
Selenium 7782492 EDHSM EH SM EM EHS
Zinc EDHSM EDHSM MEHD EDSM M EHSM
*See individual compounds in Table III
(1)
The substances listed in Table I and Table II are the 50 "persistent toxic pollutants” of concern identified by
the Great Lakes Water Quality Board in its 1976 report to the International Joint Commission.
TABLE II
(1)
CONTAMINANTS OF CONCERN IDENTIFIED BY THE GREAT LAKES WATER QUALITY BOARD IN 1977
E — Lake Erie H — Lake Huron
D - St. Clair River, Lake St. Clair S — Lake Superior
Detroit River M — Lake Michigan




Reg. Nos. WATER SEDIMENT AIR +SLUDGE PLANKTON FISH WILDLIFE
Organic Substances
Benzene 71432 EM D
l,2—1,3—l,4—dichloro—
benzenes 541731 ME HM
95501
106467
Trichlorobenzene 87616 M HSM 5
Tetrachlorobenzene 634662 . EHS S
634902
95943
Pentachlorobenzene 608935 EHS S
Hexachlorobenzene(HCB) 118741 E M EHS D EHSD EHSM
p—Bromoanisole
Chlorinated Napthalene
Methylnaphthalene 1321944 D HDS
Phenol 108952 EDHSM H SMH
Trichlorophenol 95954 M M
88062
Pentachlorophenol 87865 E SM H
Tetrachlorophenol 25167833 SM M
Carbon tetrachloride 56235 E D
chloroform 67663 EDHM D
Bromoform 75252 D
Tetrachloroethylene 127184 EM D
Chlorinated Styrenes
(Octa & Poly) EDHS
Hexachlorobutadiene
(HCBD) 87683 E M EHS














chloride) HE E SEM HS
Polybrominated

















copper 7440508 EDHSM EDHSM EDHSM EDSM SMH EHS
Chromium 7440473 EDHSM EDHSM MDE EDSM MH EHSM
































































H — Lake Huron
S - Lake Superior
M - Lake Michigan




















































































































































































































































































































































































































































































Decanoic acid 334485 M
Dehydroabietic acid 1740198 S S SM S
Dehydrodiconiferyl
alcohol 4263870 5








Dibromo chloromethane 124481 EM
Dibromoethane 25620626 M
Dibromomethane 74953 D .














methane 75718 E S
Dichloroethane 29047827 ME D



















































acetic acid 94757 EDH HD
N-(3,4—Dichloropheny1)
—N,N'-diethy1urea 15545503 D
















































Dihexyl adipate 110338 S
Diisobutyl phthalate 84695 M
Diisopropyl ether 108203 M















N,N—Dimethy1 aniline 121697 M
Dimethyl biphenyl 28013118 M










Dimethyl naphthalene 28804888 D






















-Monochloro derivative 905152 M
52999732
-Dichloro derivative 51559014 M
34877753
18164506






























Dodecanoic acid 334485 M
Dodecanol 112538 M




Ethion . 563122 DH
2-(2—(2-Ethoxyethoxy)
ethoxy) ethanol 112505 M
N-Ethylaniline 103695 M
Ethyl benzene 100414 M M
Ethyl chloride 75003 D
2-Ethy1—1-hexanol 104767 M
Ethyl palmitate 628977 5
Fenchyl alcohol 1632731 S
Fluorene 86737 D
Fluoranthrene 206440 E D
10








































Hexadecanoic acid 57103 M
Hexane 110543 M









































































Methyl—t-butyl ketone 591786 E
Methyl—2(4—chloro-

















































































































































































































































































































































































































































































































































































































 MEDIA AND LAKE BASIN
Chemical
Abstracts DISCHARGES BENTHOS




















Perylene 198550 DH D
Phenanthrene 85018 DHSM
Phenylacetic acid 103822 M
Phenylacetylene 536743 D
l-Phenyl naphthalene 605027 D
o-Phenyl phenol 92693 M
Phenylpropionic acid 501520 M
Photomirex EHSM




Propyl toluene 28729546 D
Pyrene 129000 M v D
Safrole 94597 S






Steatic acid 57114 S S




C10 Terpineol 8000417 M
C15 Terpineol DM










Tetrachloroethane 79345 EMD D









Tetradecanoic avid 544638 M
TetradecanOI 27196005 ' M
Tetradecene 26952136 M


































































































Vinyl bromide 593602 0























































he Lake Erie Basin for the purposes of this report consists of the lake
tself and the tributaries entering the lake with the exception of the
etroit River. Because of the vast amount of data, the Detroit River,
ake St. Clair and St. Clair River will be considered together as one
ntity (Chapter 2), rather than being included with either Lake Erie or
.ake Huron.
Chere are many sources of information on past and current biological,
physical and chemical data for the Lake Erie Basin. For example, a 1976
report by the Ontario Ministry of Natural Resources (1) outlines 18
different existing long term Canadian and U.S. environmental programs in
the Lake Erie Basin. Within the report, the sponsoring agencies are
listed, the program objectives are described, and information is given
on parameters measured, sampling frequency, and the availability of data
from the programs. The results of many of the above programs are generally
reported within the annual reports of the Surveillance Subcommittee of the
IJC's Great Lakes Water Quality Board. Also information on point source
discharges is contained within the annual reports of the Board's Remedial
Programs Subcommittee. Copies of the Subcommittees' reportsare available
from the IJC Regional Office, Windsor, Ontario.
There are other reports which contain significant amounts of data on the
Lake Erie Basin. These reports, for example, include: the Report to the
IJC on the Pollution of Lake Erie (2); the Proceedings of a Conference in
the Matter of Pollution of the Navigable Waters of the Detroit River and
Lake Erie and Their Tributaries in the State of Michigan (3). Although
these reports contain some information on organic contaminants and heavy
metals, data on nutrient levels and the effects of eutrophication are
primarily emphasized. Subsequent to the discovery of mercury discharges
to the St. Clair River system in 1970, detailed studies were initiated to
investigate the occurence of mercury and other heavy metals in Lake Erie
fish, sediments and water. Also, in the early 1970's, investigations
were initiated to determine the distribution within the aquatic ecosystem
of pesticides and chlorinated hydrocarbons such as PCBs. Most of the
information within this report is therefore obtained from the published
and unpublished data from investigations initiated after 1970. An
intensive nearshore surveillance program of the U.S. shoreline was
initiated in 1978, however the details and the interpretation of the data
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In 1978 the results of a study to determine PAH levels in selected
U.S. drinking waters and their raw water sources, were published
(164). Table 1.1—10 shows the values which were observed in the raw
water source (Lake Erie) and in the drinking water of Buffalo, New
York. For the purposes of comparison, the table also gives the
observed concentrations of PAHs at the Syracuse Water System (un-
contaminated water source — Lake Skaneateles) in New York and at
Pittsburg, Pennsylvania where the water source — the Monongahela
River — is contaminated with coke oven effluent.
Streamwaters leaving eleven agricultural watersheds in Southern
Ontario were analyzed for a variety of pesticide during a PLUARG
Task C study (170). Three of the 11 major watersheds were located
in the Lake Erie Basin (Table l.l-ll). Tables l.l—lZ to l.l—Zl
Show the results of analyses for pesticides in the Lake Erie
watersheds which are identified as AG—Z (Big Creek), AG—4 (Grand
River) and AG—l3 (Hillman Creek). The frequencies of occurrence
of pesticides in all 11 watersheds are summarized in Table 1.1—22.
Another PLUARG study (171) evaluated the concentrations of various
organochlorine compounds in the waters of the Grand River. The
concentrations are shown in Table l.l—23.
Table 1.1—24 shows the concentrations of Freon ll, Freon 12,
carbon tetrachloride and trichlorethylene which were detected in
the open waters of Lake Erie (175). Distribution profiles of the
compounds in Lake Erie waters will be published by the investigator
at a later date.
  
TABLE 1.1—1










































(See Distribution — Figure 1.1-1)
Western Lake Erie






















- discharge area of
Algoma & Inco effluents Cu 11—17














City of Monroe WTP Ni <5-14 Cu 3—45(b)








Zn 11-24 As <l—.%a)











Pb :1—3 Zn 2.0—9.0 9
Cd <.2 As 0 3—0 6
(a) "total" unless otherwise specified




Fig 134 The average distribution 01' total mercury in the surface waters 01~ Lake Erie (1970-1971).
Dots represent sampling stationsi
m, nix/i
\r)v
Fig 1.1-2 The average distribution of tutu] men‘ur)’ in the bottom waters of Lake Erie (1970—1971).
Dots represent sampling stationx
 
 TABLE 1.1—2
METAL CONCENTRATIONS DETERMINED IN THE 1973
"WATER POLLUTION INVESTIGATION:
ASHTABULA HARBOR" (6)
           
STATION LOCATION
l Ashtabula River —— Above the 24th St . Bridge
2 Fields Brook —‘ 15th St. Bridge
3 Ashtabula River —— 5th St. Bridge
4 Ashtabula River Mouth
5 Mid Harbor
6 1/4 Mile outside breakwater light on Lake Erie
7 l/8 Mile N. of Pinney Dock (Harbor)
8 Harbor Entrance
PARAMETER/STATION 1 2 3 a 5 5 7
DATE 11 SEPT 73
ARSENIC “9/1 < 10 < 10 <10 <10 <10 < 10 ‘ < 10
BARIUM mg/l 1.5 2.5 2.0 1.5 1.5 1.0 1.0
CADMIUM “9/1 1.0 1.0 0.5 0.5 < 0.3 < 0.3 < 0.3
CHROMIUM “a < 5 < s < 5 < 5 < 5 < 5 < 5
COPPER “9/2 6 10 a a a a 0
IRON pm 350 140 250 240 250 20 70
MERCURY pd! < 0.3 1.3 < 0.3 < 0.3 < 0.3 < 0.5 < 0.5
NICKEL pm < 5 5 < 5 < 5 < 5 < 5 ' < 5
LEAD pm 4 < 3 4 a < 3 < 3 < 3
SELENIUM #911 < 5 < 5 < 5 < 5 < 5 < 5 < 5
TITANIUM my: < 1_ <1 <1 <1 <1 <1 <1
pm my; 12 22 .10 10 a 22 15
PARAMETER/STATION 1 2 3 4 5 e 7
DATE 10 SEPT 73
ARSENIC W1 4 10 <10 <10 <10 <10 <10 <10
BARIUM mall < 1.0 3.5 2.0 1.0 1.5 1.0 1.0
CADMIUM “a < 0 3 05 0.5 0.5 < 0.3 < 0.3 < 0.3
CHROMIUM ma < 5 < 5 < 5 < 5 < 5 < 5 < 5
COPPER “d1 10 10 9 a 9 a 8
IRON pm 350 110 180 30 90 30 so
MERCURY #94 4.3 1.3 < 0.3 0.4 < 0.3 <0.3 < 0.3
NICKEL Pm < 5 <5 <5 <5 <5 <5 <5
LEAD pm <3 <3 <3 <3 <3 <3 <3
SELENIUM 1m: < 5 < 5 < 5 < 5 < 5 <5 < 5
TITANIUM mg]! < 1 <1 <1 <1 < 1 <1 < 1




PARAMETER,/ STATION 1 2 3 4 5 s 7 8
DATE 5 SEPT 73


















































































TITANIUM 1119/! (1.0 (1.0 (1.0 (1.0 (1.0 (1.0 < 1.0 (1.0 .
ZINC pg]! 16 13 17 15 i 12 22 12 22
L




- CHLORINATED PESTICIDES AND
POLYCHLORINATED BIPHENYLS IN WATER














00ch 119/! < 0.01 < 0.01 < 0.01
IJNDANE #01 < 001 < 001 < 001
HEPTACHLOR pgu < 001 < 001 < 001
ALDRIN pm < 0.01 < 0.01 < 0.01
KELTHANE 001 < 001 < 001 < 001
HEPTACHLOR EPOXIDE ugz < 001 < 001 < 001
UCHLORDANE “y; (001 < 0m <001
ENDOSULFAN 1 “9/1 < 0.01 < 0.01 < 0.01
p,p'-DDE “9/1 < 0.01 < 0.01 < 0.01
DIELDRIN “9/; < 0.01 < 0.01 < 001
ENDRIN Pgﬂ < 001 < 001 < 001
o,p'-DDT “9/1 < 0.01 < 0.01 < 0.01
ENDOSULFANII pgﬂ < 001 < 001 < 001









































































































































































































































































































































































































































































Date Stations Samples As Cd Cr Co Cu Pb Hg Mo Ni Se Ag V Zn Source















































(a) "total" unless otherwisespecified
(b) dissolved fraction

























































































































































































































































































































































IN LAKE ERIE WATERS
 
SAMPLING STATION ORGANIC CONTAMINANTS INFORMATION
AND DATE AND CONCENTRATIONS (Hg/L) SOURCE
City of Cleveland m—xylene












Lake Erie — Mouth Pentachlorophenol 1.7 20
Detroit River - 1977
Point Pelee — 1977 Pentachlorophenol <.005
Mouth — Grand River — 1977 Pentachlorophenol .067












































SAMPLING STATION ORGANIC COMPOUNDS (Hg/L) INFORMATION
AND DATE AND CONCENTRATIONS SOURCE
. (a)
Flelds Brook, Camphor (IS) - 18
Ashtabula, Ohlo, 1976 Chloroform 9
C H Cl , x > 4, z > 5 6














x y z —— —-
C H Cl , x > 4, z > 5 99
x y z —- —-
C H Cl , x > 4, z > 5 100
x y z —- —-
C H Cl , x > 4, z > 5 14
x y z —- ——
C H Cl , x > 4, z > 5 3
x y z -— -—
C H Cl , x > 4, z > 5 13
x y z -— <—
Dichlorobenzene 2
l, 2—Dichloroethane 4




















 TABLE 1.1—7 CONT'D
 
SAMPLING STATION ORGANIC COMPOUNDS (Hg/L) INFORMATION

























































































Not detected — DBP, toxaphene,
chlordane, 2, 4-D, silvex,
endrin, heptachlor, lindane,
methoxychlor, PCBs

























Not detected — see above —
Flat Rock WTP























































































































































































































































































































































































































































































































NATIONAL ORGANIC MONITORING SURVEY (17)
Finished Water Analyses Data, Phase One
City: Erie, Pennsylvania
























































ND — not detected



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1. 1-13 The frequency and concentration of dieldrin in water collected
from 11 agricultural watersheds between May 1975 and April 1977
 
Frequency and Content in Stream Water (ng/L)
Not Trace Low Medium High Mean Range SD
Watershed Period Analysis Det. (0.”- (1.0— (11-100) (100+)
May—Apr. (#) (<0.”) 0.9) 10.0)
AG—l 1975-76 61 ”l 10 8 2 0 1.5 ND-32 11.
1978-77 5” ”3 ” 7 O 0 0.5 ND-” 1 6
AG—2 1975—76 29 19 3 6 1 0 2.7 ND-63 23.
1976-77 3” 29 l ” 0 0 0.5 ND—5 l 9
AG—3 1975-76 52 ”9 2 l 0 0 <0.” ND-U -
1976-77 61 59 2 0 0 0 <0.” ND-0.9 -
AG-” 1975—76 3” 3” 0 0 0 0 <0.” ND —
1976-77 ”3 42 1 O 0 0 (0.” ND—0.9 -
AG—S 1975—76 55 H9 2 ” 0 0 <0.” ND-l. —
1976-77 56 5” 0 2 0 0 <0.” ND—S -
AG-S 1975—76 58 5” 2 2 O 0 <0.” ND-” —
1976-77 ”1 39 0 2 0 0 <0.” ND—” -
AG-7 1975-76 28 2” 1 3 0 0 0.6 ND-9 3.”
1976—77 19 18 0 1 0 0 <0.” ND-l. -
AG—lO 1975—76 2” 22 2 0 0 0 40.” ND—0.9 -
1976-77 37 3” 1 0 2 0 2.7 ND-82 27.
AG-ll 1975-76 18 18 0 0 0 0 40.” ND —
1976-77 5 5 0 0 0 0 <0.” ND -
AG—13 1975—76 62 16 3 28 1” l 8.0 ND—l20 31.
1976—77 87 18 2 U3 2” 0 6.8 ND~33 l”.
AG—l” 1975-76 ”8 ”5 2 1 0 0 <0.” ND—l. -
1978-77 ”3 N1 1 l 0 0 <0.” ND—l. -
TOTAL 1975—76 ”69 371 27 53 17 1 1.6 ND-l20 1”.
1976—77 usd 382 12 so 26 o 1.7 ND-82 11.
GRAND TOTAL21975-77 9”9 753 39 113 ”3 l 1 6 ND—120 12.
Table 1.1-1-4 Frequency 8 concentration of chlordane and heptachlor epoxide in water collected
from 11 agricultural watersheds between May 1975 and April 1977
Frequency 5 concentration in Stream Water- (ng/ L)
 
Watershed Period Analysis Not Trace low Medium High Mean Range SD
May-Apr. (if) Det. ((0.9) (1.0—10) (ll-100) (100+)
Chlordane
E—l 1975—77 115 11” 0 1 0 0 <0.” ND-” —
AG—2 " 63 62 0 l 0 0 <0.” ND—” —
AIS—3 " 113 111 0 l 1 0 <0.” ND-ll -
136—” " 77 76 0 1 0 0 <0.” ND-” -
AG—S " 111 107 0 3 1 0 <0.” ND—”7 9.0
AG-G " 99 98 0 l 0 0 <0.” ND—” -
AG—7 " ”7 ”7 0 0 0 0 ND ND —
AG-lO " 61 60 0 1 0 0 40.” ND~” —
AG—ll " 23 23 0 0 0 0 ND ND —
AG-13 " 1”9 1”6 0 3 0 0 <0.” ND-lO —
AG-l” " 91 90 0 1 0 0 <0.” ND—” -
TOTAL 1975—77 9”9 93” 0 l3 2 0 <0 ” ND—”7 —
Hegtachlor EExide
AG—l 1975-77 115 108 3 ” 0 0 <0.” ND—2 -
AG—Z " 63 59 2 1 1 0 <0.” ND—23 —
AG-3 " 113 111 2 0 0 0 <0.” ND-0.7 -
AG—” " 77 77 0 0 O 0 ND ND -
AG—S " 111 107 0 3 1 0 (0.” ND-15 —
AG—G " s 99 99 0 0 0 0 ND ND —
AG-7 " ”7 ”7 0 0 0 0 ND ND —
AG—lO " 61 59 l l 0 0 <0.” ND-2 —
AG-ll " 23 22 0 1 0 0 <0.” ND—l —
AG—l3 1975—76 62 55 0 3 3 l 7.6 ND-370 9”
1976—77 87 57 1 20 9 0 2.9 ND—25 12
AG—l” 1975-77 91 91 0 0 0 0 ND ND -
TOTAL 1975—77 9”9 892 9 33 1” l 0 8 ND—370 2”
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 Table 1.1-15 Frequency and concentration of chlorophenoxy and chlorobenzoic acid herbicides
in water collected fran ll agricultural watersheds between May 1975 and April 1977
 
Frequency and content in water (ug/L)
 
Low Medium High
Watershed Period Analysis Not ( 0 . l— (l .1— (10 . 1 Mean Range SD
(May-Apr) (#) Det. 1.0) 10.0) + )
2,l+-D
AG-l 1975-76 61 52 6 2 l 0.3 ND—15.9 l4 1
1976-77 51+ '45 8 1 0 0.1 ND—3.9 1.1
AG-2 1975—76 29 28 1 0 0 <0.1 N'D-O.3 -
1976-77 3'4 30 3 1 0 <0.1 ND-1.l -
PIS—3 1975—76 52 L86 6 0 0 <0.1 ND-0.7 —
1976-77 61 60 l O 0 <0 .1 ND—0.3 -
AG—Lb 1975-76 3’4 31 3 0 0 <0.1 ND-0.8 -
1976-77 '43 ' 1+1 2 0 0 <0.1 ND—0.8 -
AG—S 1975—76 55 50 5 0 0 <0.1 NIB-0.3 -
1976-77 56 51+ 2 0 0 <0.1 ND-0.3 -
AG-B 197 5-76 58 514 '4 0 0 <0.1 ND-O. 8
1976-77 ‘41 39 0 2 0 <0.1 ND-2.1 -
AG-7 1975—76 — 28 26 2 0 0 <0.1 ND-0.3 -
1976-77 19 17 2 O 0 <0.1 N'D—OA —
AG-lO 1975—76 214 23 l 0 0 <0.1 ND—0.3 -
1976-77 37 37 0 0 0 ND ND -
AG-ll 1975—77 23 23 0 0 0 ND ND -
AGE—13 1975-76 62 55 6 0 1 5.2 ND—320. 81.
1976—77 87 83 U 0 0 <0.1 DID-0.6 —
AG—lu 1975—76 “8 ‘48 0 0 0 ND ND -
1976~77 [63 H1 2 I 0 0 ‘0.1 ND—0.8 -
TOPAL 1975-76 169 '431 3'4 2 2 0.7 ND-320. 29.
1976—77 '480 I452 21; 1+ 0 ‘0.1 ND-3.9 0.5
GRAND 1975-77 9149 883 58 6 2 0.1+ ND-320. 20.
TOTAL
Frequency and content in water (qg/L)
Low Medium High
Watershed Period Analysis Not (0 . l— (l . l— (10 . 1 Mean Range SD
. (May-Apr) (if) Det. 1.0) 10.0) + )
use;
AG-l 1975-76 61 55 5 1 0 < 0.1 ND-l.1 -
1976-77 5'4 50 1+ 0 0 <0.1 MID-0.8 -
AG-S 1975-77 113 111 2 0 0 <0.1 ND-O.3 -
AG-u 1975-77 77 76 l 0 0 <0.1 DID-0.8 -
AIS-7 1975-77 1+7 1+6 1 0 0 <0.1 ND—0.3 -
98-10 1975-77 61 60 1 0 0 <0.1 DID-0.3 -
AG—13 1975—77 199 1H3 6 0 0 <0.1 ND-0.3
AB—2,5,6,ll,1l+ 387 387 0 0 0 ND ND
TOTAL 1975-77 9149 928 20 l 0 ‘0.1 ND—1.1 -
MCPA
AB—U 1975-77 77 75 2 0 D 4 0.1 ND—0.3 -
98-6 1975-77 99 98 l 0 0 ‘0.1 I‘m-0.3 -
AG-13 1975-77 1H9 1H8 1 O 0 ‘0.1 ND-0.3 —
AG-l“: 1975-77 91 89 2 0 0 40 . 1 ND-O . 3 -
As-1,2,3,5,7,10,11 533 533 0 o 0 ND ND —
TOTAL, 1975-77 9'49 9N3 6 0 0 ‘0.1 _ND-0.3 -
dioamba
AG—l3 1975-77 1'49 198 1 0 0 (0.1 ND-0.7 -
AG-l,2,3,u,s,5,7,
10,11,114 800 800 0 0 0 ND ND —
TUI‘AL 1975—77 909 9148 1 0 0 <0.1 ND-0.7 _









Frequency and concentrations of total endosulfan in water collected
from 11 agricultural watersheds between May 1975 and April 1977
 
Freguency of SEndosulfan in water (ng/L)
 
Not ’I‘c‘ace [ow Medium High Mean Range SD
Watershed Period Analysis Det. (0.H— (1.0- (11—100) (101+)

















































1976—77 61 60 0 l 0 r 0 <0.H ND-8 2.0
AG—H 1975—76 3H 33 0 1 O 0 <0.H ND—6 2.0









































































































































































































11 agricultural watersheds between May 1975 and April 1977

















May—Apr. <#) Det. (2— (11— (100+)




































































































































































































































































































































 Table 1. l~18
Frequency and concentrations of organophosphorus insecticides in water
collected from 11 agricultural watersheds between May 1975 and April 1977
 













May—Apr. (#) Det. (0.01— (0.11- (1.1- High







































































































































































































Frequency and concentrations of atrazine and desethylatrazine in water
collected from 11 agricultural watersheds between May 1975 and April 1977
Watershed Period
Atrazine and its metabolite - Frequency and content in water (ug/l)
Analysis Not Trace Law I Medium High Mean Range SD
May-Apr. (#) Det. (0.04- (0.1— (1.1- (10.1
(‘0.09) 0.09) 1.0) 10.0) +)
AG-l 1975—76 61 5 10 30 ll; 2 2.2 <0.00—18.2 5.7
1976—77 514 1 1 27 20 5 3.2 ‘0.0Li-22.6 9.9
AG—2 1975—76 29 13 8 7 0 1 0. 57 c0. 014-13 . 1 u . 9
1976-77 3” 22 3 8 1 0 0.17 40.04- 1.8 0.73
AG-3 1975-76 52 0 0 22 21+ 6 3.2 ‘0.‘+ -31.7 10.8
1976-77 61 1 0 33 25 2 2.0 40.0u-2u.7 7.0
AG-H 1975—76 30 2 3 25 3 1 1.2 0.07—114.7 5.9
1976-77 ’43 2 14 27 9 1 1.5 ‘0.0H-27.1 8.5
AG-S 1975-76 55 H 2 37 12 0 1.0 (0.0|+- 6.6 3.1
1976-77 56 3 2 38 13 0 0.89 40.0H— 7.7 2.1
AG-B 1975-76 58 23 11 23 1 0 0.13 <0.04— 1.2 0.1-H4
1976—77 141 26 3 12 0 0 0.07 ‘0.0!+—- 0.52 0.18
AG—7 1975—76 28 11 9 8 0 0 0.10 40.014— 0.6 0.35
1976—77 19 19 0 0 0 0 40.01% 40.04 -
AG-10 1975—76 2'4 0 0 20 3 1 1.9 0.07-10.3 5.6
1976-77 37 1 2 18 8 8 5. 5 ‘0.0|+—32.8 18.2
AG—ll , 1975—76 18 0 0 16 2 0 0.99 0.1 — 1.2 0.61
1976—77 5 1 2 2 0 0 0.09 ‘0.01+- 0.3 0.28
AIS-13 1975-76 62 32 7 15 8 0 0.39 ‘0.0'4’- 0.14 1.6
1976—77 87 20 11 '46 9 1 0.66 ‘0.01+—10.8 2.9
AG-lLl 1975-76 '48 2 6 32 7 1 1.0 <0.0’4-13.3 13.5
1976—77 03 0 1 33 7 2 1.6 ‘0.01#‘—18. 0 21.
Total 1975-76 '469 92 56 235 714 12 1.1 ‘0.0‘4-31.7 6.6
1976-77 1480 96 29 21W 92 19 1.6 <0.01¢ ~32.8 9.8
Grand Tota1:l975—77 9149 188 85 Ll79 166 31 1.1+ <0.0'+—32.8 8.1+
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 Table 1. 1-20 Wequency and concentration of several organonitrogen herbicides in hater
collected from 11 agricultural watersheds betweenMay 1975 and April 1977
Frequency and content in water (ug/L)
 
Watershed Period Analysis Not Trace Low Medium High Mean Range
May-Apr. (#) Det. (0.014- (0.10— (1.1- (10.10
(<0.0U.) 0.09) 1.0) 10.)
Alachlor
AG-3 1975—77 113 111 l O 1 0 0. 08 ND—9.0
AG-ll 197 5—77 23 22 1 0 0 0 £0.00 ND—O. 07
AG-1,2,u,5,6,7,10,
13,1U 813 813 O O O 0 ND ND
Total 1975—77 9149 9'46 2 O 1 0 -’ 0.0M ND-9.0
razine
AIS-1 1975—77 115 113 2 0 0 O 4 0.014 ND—0.07
AG-2 1975—77 63 60 3 0 U 0 40.014 ND—U.07
AG-3 1975-77 113 111 1 0 U 1 0.16 N'D—18.0
AG—u 1975—77 77 76 0 1 O O 40.014 ND—0.3
AG—S 1975—77 111 109 0 2 0 O 40.014 ND-O 3
AG-lO 1975-77 61 59 l 1 0 O (0.014 ND—0.3
AG-lu 1975-77 91 89 0 2 O O ‘ 0.014 ND—U 3
AG-6,7,11,l3
1975—77 318 318 O 0 0 0 ND ND
Total 1975—77 9109 935 7 6 1 ~‘ 0.01; ND-18. 0
Metribuzin
AG—l 1975—77 115 110 0 L0 1 0 <0. 0H ND—l. 2
AG-S 1975-77 111 110 O O 1 0 ‘0. ON ND-1.U
AG—6 1975-77 99 98 1 0 0 0 40.0% ND—O. 07
AG-13 1975-77 1'49 1H2 2 5 0 O 4-0.0H ND—l.0
AG-2,3,u,7,10,11,116
1975-77 1475 1475 0 0 0 0 ND ND
Total 1975—77 9’49 935 3 9 2 0 <0.0’-& ND—lJJ
Pranetone
AG-S 1975-77 111 110 l 0 O 0 40.014 ND-O. 07
AG—G 1975—77 99 97 2 0 O 0 40.014 ND-O. 07
AIS-10 1975-77 61 57 '4 0 0 O (—0.914 ND-0.07
AG-13 197 5—77 199 198 l 0 0 0 40.0H ND-0.07
AG-1,2,3,u,7,11,114 529 529 0 0 0 0 ND ND
Total 1975-77 9&9 91+1 8 O 0 0 4 0.0'4 ND—0.07
Simazine
AB-l 1975-76 61 US 12 1+ 0 0 0.0L; ND-O. 20
1976-77 51¢ 29 5 17 3 0 0.37 ND-3.l+0
AG—3 1975-76 52 50 2 0 0 0 L0.0u ND-0.07
1976-77 61 55 3 3 0 0 <0.01+ ND—O.50
AG-u 1975-76 314 314 0 0 0 0 ND ND
1976—77 143 39 2 2 0 0 < 0.014 ND-O. 20
ALE—5 1975-77 111 103 8 0 0 0 40.01; ND—0.07
AG-G 1975—77 99 98 0 l 0 0 40.014 ND—0.10
AG-lO 1975-78 21; 23 1 0 0 0 ‘ODM ND—0.07
1976-77 37 26 6 5 0 0 0.0'4 ND-0. 30
AIS-13 1975-76 62 57 5 0 0 0 40.015 ND—0.07
1976-77 87 83 H 0 0 0 < 0.09 ND—O. 07
AG-lu 1975-77 91 ‘ 88 3 O 0 O <ODl+ ND-0.07
AG-2,7,ll 1975-77 133 133 0 0 0 0 ND ND
Totals 1975—76 1469 W42 22 5 0 0 -‘ 00H ND—O. 20
1976—77 1&80 14121 29 27 3 0 0. 06 ND-3J40























from 5 agricultural watersheds between June-August 1976
 




























































































































































with the frequency of their presence in water May, 1975 and April, 1977.
Insecticides Fungicides Herbicides Nanatocides Others Industrials
Growth
Present Past Regulators
Project 5—Survey (M) 27 0 10 3H H 2 0
Project uB—Analysis<#> 20 e 1 16 o 0 2
-Volume (95) 93.1 0.1 714.8 0 0 0
Frequency in Water Insecticides Fungicides Herbicides Industrials
Frequent




(10 - “0%) p,plTDE, p,plDDI,











(less than 196) chlorpyrifos ——- alachlor, cyprazine






DISSOLVED ORGANOCHLORINE CONTAMINANT RESIDUES IN OAKVILLE CREEKSW':




# of Analyses OakvilleCreek Grand River
PCB 9 3.5 i 1.2 2.6 i 0.65
HCB 9 0.04 i 0.03 0.02 i 0.02
X — BBC 9 2.24 i 1.14 l 91 + 0.97
LINDANE 9 1.55 i 0.8 0 67 i 0.16
B — BBC 9 ND ND
HEPTACHLOR 9 ND ND
ALDRIN 9 ND ND
HEPTACHLOR EPOXIDE 9 0.22 i 0.13 0.42 i 0.20
THIODAN I 9 ND ND
THIODAN II 9 ND ND
DIELDRIN 9 0.36 i 0.14 0 32 i 0.05
ENDRIN 9 0.19 i 0.13 0 12 i 0.10
Z — DDT 9 0.55 i 0.35 0.36 i 0.13
X — CHLORDANE 9 0.21 i 0.03 0 13 i 0.02
Y — CHLORDANE 9 0.14 t 0.03 0.10 i 0.02
MIREX 5 0.07 i 0.04 0.08 i 0.04*
*September values only
ND - non detectable
7'<>'<In Lake Ontario Basin
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 CONCENTATIONS OF FREONS AND CHLORINATED HYDROCARBONS IN
THE OPEN WATERS OF LAKE ERIE (175)
TABLE 1.1—24
Concentrations (ng/L)
Mean of Station Means
 
Compound Area # Stations and Standard Deviations
1978 1977
Freon 11 Eastern 15 57t22




Freon 12 Eastern 15 40f22
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1.2 DATA ON SEDIMENT QUALITY — LAKE ERIE
Heavy Metals
Concern on the possible effects of mercury discharges from chlor—
alkali plants along the St. Clair and Detroit Rivers resulted in the
initiation of intensive sediment analyses programs in the Lake Erie
Basin. The programs generally determined several heavy metal con—
centrations, in addition to mercury, and the results of many of the
studies are noted in Table 1.2—1 (references 21—27).
The distributions of mercury in sediments of the Western Basin during
1970, 1972 and 1976 are illustrated in Figures 1.2—l to 1.2—4.
Thomas and Jaquet (25) illustrated the distribution patterns of mer—
cury in the surficial 3 cm of sediments throughout Lake Erie in 1971
(Figures 1.2-5 and 1.2—6). The actual mean mercury levels and the
ranges are shown in Table 1.2-2. The profiles of mercury concentra-
tion at various sediment depths which were determined by Kemp and
Thomas (26) are shown in Figure 1.2—7. In Figure 1.2—7, Stations 4—7
for Lake Erie are located in the Western Basin; Station 8 is in the
Central Basin; and, Station 9 is in the Eastern Basin. All studies
appear to show higher levels of mercury in the "deeper, central part
of the basin in a fanwise distribution emanating from the Detroit
River mouth" (24). The Ontario Ministry of the Environment (24)
stated that its "data reveal a slight decrease (not significant at a
90% confidence level) in the mean concentration when compared to
earlier data. Mercury levels in 1976 exhibited an almost normal
distribution compared to a heavily—skewed distribution existing in
1970..."
The Pollution from Land Use Activities Reference Group (PLUARG) in its
1977 report to the IJC, presented its findings on lead concentrations
in Great Lakes sediments (28). In Figure 1.2—8, two plumes are
observed: from the Detroit River to the Western Basin of Lake Erie;
and, from the Cleveland Region to the Central Basin. On the basis of
the 1977 PLUARG report, the following information is presented:
profiles of lead in Great Lakes sediment cores (Figure 1.2—9); lead
concentrations in the topmost 3 cm of Lake Erie sediments (Table 1.2-
3); and a mass balance for lead in Lake Erie (Table 1.2—4).
A 1973—74 study of selenium levels in Western Lake Erie by Adams and
Johnston (5), showed a range from 0.10 to 0.75 ppm selenium (Table
1.2—5).
Profiles for other metals in Lake Erie sediment cores, which were
reported in 1974 by Walters_gt_al. (30), are shown in Figures 1.2—10
to 1.2—l3. Actual analytical data for some cores are given in Table
1.2—6.
Tables 1.2-1, 1.2—7 and 1.2—8 summarize nearshore sediment quality
(22, 27) including sediments from tributary outlets (31), areas near
point source discharges (22, 32) and harbors (33—40). Information in
Table 1.2—8 (references 33-39) was obtained from the EPA Region V
























































































During investigations of the Pollution from Land Use Activities
Reference Group, levels of pesticides and PCBs were determined within
Lake Erie sediments (42, 43). The determined values of DDE, TDE, HEOD
(dieldrin) and PCB in Lake Erie sediments are given in Table 1.2—10.
Distributions of the compounds are shown in Figures 1.2-14 to 1.2—16.
The results of sediment core studies and suspended solid analyses are
noted in Tables 1.2—11 and 1.2-12 (43). The suspended solids were
analyzed for the purpose of evaluating the role of hydraulically
sorted fine fractions of sediments coming from Lake St. Clair in
transporting contaminants to Lake Erie.
Organic contaminant levels in harbor and nearshore sediments of Lake
Erie are shown in Table 1.2-8 and 1.2—13. The latter table also notes
the organic contaminants which were not detected (27).
Pesticide scans were made of seven Maumee watershed surface soils and
the bottom sediments of three rivers in the watershed (11). Six
organophosphate standards were used in the scans, however, the observed
peaks did not correspond to any of the standards. The peaks observed
were likely due to phosphate or phosphorylated compounds, but the
identity remained unresolved. Thirteen organochlorine pesticides were
sought. Of seven surface soil samples, one sample contained 0.9 ppb
p,p'—DDD; of the three river samples, a sample from the Auglaize River
contained 2.8 ppb p,p'-DDD and a sample from the Tiffin River contained
0.5 ppb o,p—DDD and 0.9 ppb dieldrin. A sediment sample from the
Maumee River contained no organochlorine pesticides above the detection
level.
Table 1.2-14 summarizes the residues of pesticides found in stream bed
sediments in eleven agricultural watersheds in Southern Ontario from
1974—77 (170). Watersheds AG—Z, AG-4 and AG-l3 are within the Lake
Erie Basin and are described in Table l.l—ll. Another PLUARG study
evaluated organochlorine residues associated with suspended solids



























































































Lake Erie — 3 mi. No. of,Dunkirk
5- 5 mi. No. of Vermillion
— 1 mi. No. of Vermillion
- 2 mi. No. of Cleveland
east entrance
- 3.25 mi. No. of Cleveland
Harbor
Lake Erie — Western Basin
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FIG. 1.2-1 SEDIMENT SAMPLING LOCATIONS AND OBSERVED CONCENTRATIONS — MERCURY SURVEY 1970,
MINISTRY OF THE ENVIRONMENT.
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FIG. 1.2—2 SERgMENT SAMPLING LOCATIONS AND OBSERVED CONCENTRATIONS — MERCURY SURVEY 1976,
MI STRY OF THE ENVIRONMENI.
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MAP OF MERCURY CONTEN








PM, DRY WE26HT BASIS) OF SURFACE SEDIMENTS IN WESTERN
CONTROL IS SHOWN BY STATION LOCATIONS FOR DATA.
   
  





















































287+323; N = 102
(whole lake) (8-1881)
Western Basin 1622t694; N = 34
(484—2929)
Western Basin 1217f792; N = 53
with its inshore zone (65-2929)
Sandusky Basin 710f464; N = 8
(271—1810)
Central Basin 544f191; N = 85
(56—1030)
Eastern Basin 483f272; N = 31
(45—977)
Total 582:555; N = 259
(8-2929)
TABLE 1.2—3
LEAD IN GREAT LAKES SEDIMENTS - LAKE ERIE AND LAKE ST. CLAIR
Y SD





Non Depositional Zone 102 48 30
Total Basin 155 112 44
Western Basin 34 145 52
Sandusky Basin 8 92 20
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LAKE ERIE INPUTS OUTPUTS
Accumulating in sediment 3006
Detroit River suspended solids 171
All other rivers suspended solids 192
Solute all rivers 196
Shoreline erosion A37
Dredged spoil 99
Airborne inputs Model 650
Precip. Chem. 2200









































                    
Fig.
Fig.1.2-10 Porosity and heavy metal depth proﬁles for core 32-2 from Buffalo 1.2-11 Porosity and heavy metal depth profiles for core 20-1 from
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Fig-1.2-12 Porosity and heavy metal depth proﬁles for core 19-1 from the 1-243 POIOSitY and heaVY me“! depth proﬁles for core 4-1 from the

















































































































































































Walters, 2; a1. Proc.



























































































14.1 11.8 16.9 56.0 218 190*
7.3
5.8
8.2 34.5 170 110
16.3 12.9
14.7 55.5 306 350*
6.8
5.4

























































































































































































































































   
   
 
   
    
  
   










































































































































































































































































































































































































































































































































































































Fig.1.2-16 [)ixlribuliun of HHH) in free/c-dricd \cdimcms from Lake Eric. (A) nbﬁcrvcd vulucs;
(B) qLIurU-cm‘rcclcd \LlIUC\ (0 .1 cm).
 TABLE 1.2—11
(43)
RESIDUE IN A CORE TAKEN FROM STATION U-42 1N WESTERN BASIN OF LAKE ERIE
  
Years Depth Conteut in freeze-dried sediment (ppb)
(cm) p,p'-DDE p, p'-TDE HEOD PCB
1969—1971 0— 2 19.0 53.0 ND 340.0
1966—1968 2— 4 9.0 20.0 ND 10.0
1963—1965 4— 6 1.5 2.0 ND 6.0
1961—1963 6— 8 2.5 1.0 ND 10.0
1958—1960 8— 10 2.0 ND ND ND
1956—1958 10— 12 ND ND ND 1.0
1953—1955 12— 14 ND ND <0.1 ND
1827-1952 14—112 ND ND ND ND
TABLE 1.2—12
(43)
RESIDUES IN 5 SUSPENDED SOLIDS TAKEN FROM THE DETROIT RIVER [N 1974
Contaminant Constant ppb dry weight basis
Mean Range Std. Dev.
o,p’-DDE <0.1b <0.1— 0.2 —
p,p’-DDE 5.4 2.0—12.0 3.9
p,p'-TDE 5.2 3.1—10.0 3.2
o,p’-DDT 3.2 0.9— 6.1 1.8
p,p’-DDT 4.6 2.1— 7.1 2.3
ZDDT 18.5 10.0—27.0 7.6
HEOD 3.6 1.9— 5.1 1.1
Hept. epoxide 0.6 ND— 2.0 —
Organophosphorus ND‘ ND —
PCB 72 30 —100 28
a- and y-chlordane <0.2b <0.2 —
'* ND = not detected
b Mean of parameter at detection limit; no SD given.
61
 TABLE 1.2-13
SURVEY ORGANIC CONTAMINANTS IN SEDIMENT
SAMPLES FROM NEARSHORE WATERS OF
LAKE ERIE - 1973(a)
ORGANIC CONTAMINANTS SOUGHT AND DETECTION LIMITS(mg/kg)
 
DDE - .001 - .002 Chlordane — .005
TDE — .001 - .002 Lindane — .001
o,p DDT — .001 ~ .002 Aldrin — .001
p,p DDT - .001 - .002 Endrin — .001
Dieldrin - .001 Heptachlor— .001
DEHP — 1.0 PCB — .03—.05
DBP — 1.0
ORGANIC CONTAMINANTS FOUND IN EXCESS OF
DETECTION LIMITS AND CONCENTRATIONS(mg/kg)
LOCATION AT STATIONS DETECTED
 
Plume of Detroit River
18 stations
DDE - .006, .004, .003, .002, .006, .018
(Detroit River mouth to TDE - .012, .011, .008, .002, .012, .030
Stoney Point) o,p DDT — .002, .003
p,p DDT -.OO6, .013, .006, .009, .007, .015
PCB — Aroclor 1260 - .38, .15, .20, .10, .08,
.16
DEHP — 5.0, 3.0, 1.0, 2.0
DBP - 3.0, 6.0
Stoney Point to Woodtick
Peninsula - 17 stations DEHP — 1.0, 1.0




















































































































































































































































































































































































































































































































































 1.3 DATA ON AIR QUALITY AND PRECIPITATION IN THE LAKE ERIE BASIN
Stanley_gt_al. (44) in 1971, detected p,p' — DDT and o,p' DDT at
levels of 11.0 and 2.9 ng/m3 respectively, in air samples at Lake Erie
near Buffalo, New York.
Various studies have recently been completed to determine contaminant
levels in precipitation. Analyses bv the Ontario Ministry of the
Environment, showed PCBlevels between 0.03 — 0.07 ppb in rainfall
samples from Big Creek and Hillman Creek in Essex County, Ontario
(45). Table 1.3—1 illustrates the results of analyses by CCIW of
rainfall over Lake Erie (46).
Under sponsorship of the PLUARG studies, Acres Consulting Services
Ltd. was authorized to carry out scientific investigations of deposi—
tion of airborne material in the lower Great Lakes and the Great Lakes
drainage basin (47). Figures 1.3—1 to 1.3—4 show the loading contours
in ng/cmZ/day for Pb, Ni, Cu and Cd in Lake Erie. Two sets of loading
estimates for various parameters are given in Table 1.3-2, one set
based on a mathematical model and the other set, from existing precipi-
tation chemistry data.
Two other PLUARG sponsored studies also evaluated the levels of various
contaminants in rainwater from the Lake Erie Basin (170,172). The
results are shown in Tables 1.3-3 to 1.3—5, with AG—4 and AG-l3
implying the counties of Wellington and Essex.
In the U.S., each state bordering Lake Erie monitors air quality to
evaluate compliance with national primary ambient air quality standards
for suspended particulates, sulfur dioxide, nitrogen dioxide and
carbon monoxide. Annual reports are published by the Michigan Depart—
ment of Natural Resources Air Quality Division and the Ohio EPA Office
of Air Pollution Control. New York maintains an air emission inventory
for industrial process emissions, such as for example, aliphatic
halogen compounds. The New York program is described the 1977 Appendix
E entitled "Status Report on the Persistent Toxic Pollutants in the
Lake Ontario Basin" (73) and in the Annual Reports of the New York
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TABLE 1.3-2
PARAMETERS LAKEMICHIGAN LAKE ERIE LAKEONTARIO
LAKEAREAIO‘ka 58.2 25.8 19.5
loskg/YEAR






N MM 42- 29 /4
PC NA /.9 2/
MM 56 4/ 2/
PART PC NA NA NA
IO3kg/YEAR
TP MM 350 190 110






PC NA 23000 32000




















PC NA 22000 3300
Cd MM 40 25 /8
PC NA 150 45
Pb MM //00 650 440
PC NA 2200 280
'N. MM 71 so 51






” PC NA 330 72
Fe MM 5500 4300 2/00





MM - MATHEMATICAL MODEL
RC - PRECIPITATION CHEMISTRY
NA - NOT AVAILABLE
PREFERRED VALUE - eg 226‘
WHEN BOTH VALUES OF A PAIR ARE
MARKED PREFERRED. USE THE LARGER
ONE TO BE CONSERVATIVE




































































































































4/76-5/76 .096 .076 .760 .041 .160 .057


















4/76-5/76 .027 .016 .009 .008 <.002 .018



















4/76—5/76 <.001 <.001 .007 <.001 <.001 <.001
5/76-6/76 <.001 <.001 .002 .001 .001 .002
7/76—8/76 <.01 <.001 .001 .001 <.001 <.001









5/76-6/76 .007 .009 .003 .004 .005 .007






































































































 1.4 DATA ON MUNICIPAL AND INDUSTRIAL DISCHARGES AND SLUDGES
In 1973, extensive analyses were made for organic contaminants in
influents, effluents and sludges at wastewater treatment plants in
Monroe and Trenton (48).
The results of the analyses are shown in
Table 1.4-1 and 1.4-2.
One objective of the study was to determine
the efficiency of removal of organic contaminants during the waste—
water treatment process.



















of analyses for heavy metals in 3 sewage








































































































































































































































































































































































S A M P L I N G
L 0 C A T I O N S
  
DATE RAW WASTE #1 RAW WASTE #2 EFFLUENT SLUDGE
PARAMETER (1973) (Hg/L)(1bs/day) (ug/L)(1bs/day) (pg/L)(1bs/day) (mg/kg)
DRY
P,P—DDE 10/23 0.130 .006 0.070 .007 0.045 .006 0.004
10/24 - <.001
10/25 0.011
Methoxychlor 10/23 <.001 <.00004 <.001 <.00009 <.001 <.0001 <.001
10/24 <.001
10/25 <.001
Di—n—Butyl 10/23 80 3.6 170 16.0 65 9.0 13.0
Phthalate 10/24 ' 11.0
10/25 56.0
Di-2—ethyl 10/23 31 1.4 190 17.9 150 20.9 19.0
Phthalate 10/24 17.0
10/25 19.0
Chlordane 10/23 <.001 <.00004 0.480 .045 0.240 .033 0.110
10/24 0.230
10/25 0.280
Aroclor 1221, 1232, 10/23 <.001 <.00004 <.001 <.00009 <.001 <.0001 <.001
1248, 1260, 1262, 10/24 <.001
1268 (analyses 10/25 <.001
for each indivi-
dual component)
Aroclor 1242 10/23 <.001 <.00004 <.001 <.00009 <.001 <.0001 2.1
1.6
1.2
Aroclor 1254 10/23 1.3 .058 0.8 .08 0.8 .11 2.5
10/24 1.2
10/25 2.1



























































































































































































































































































































































































S A M P L I N G L O C A T I 0 N 5
DATE RAW WASTE EFFLUENT SLUDGE
PARAMETER (1973) (pg/L)(lbs/day) (pg/L)(lbs/day) (mg/kg)
DRY
P,P-DDE 10/23 .069 .003 .103 .004 <.001
10/24 .010
10/25 .027
Methoxychlor 10/23 .025 .001 .165 .007 <.001
10/24 <.001
10/25 <.001
Di-N—Butyl phthalate 10/23 12 .49 34 1.4 45
10/24 13
10/25 18
Di-2-ethy1 phthalate 10/23 200 8 17 .70 <50
10/24 <50
10/25 3
Chlordane 10/23 1.500 .062 1.100 .045 .920
10/24 .110
10/25 .095
Aroclor 1221, 1232, 10/23 <.001 <.00004 <.001 <.00004 <.001
1260, 1262, 1268 10/24 <.001
(Analyses for each 10/25 <.001
different component)
Aroclor 1242 10/23 <.001 <.00004 <.001 <.00004 2.2
10/24 3.8
10/25 3.4
Aroclor 1254 10/23 9 .04 .01 4.8
10/24 13.5
10/25 2.6








































































































































































































































































































































































































































































EPA REGION V — ANALYSES OF WASTEWATER
DISCHARGES TO LAKE ERIE
Point Source Discharges
Harshaw Chem. Co., Black River
Elyria, Ohio
Harshaw Chem. Co., overflow
Harshaw Chem. Co., Black River
Elyria, Ohio
Harshaw Chem. Co., Black River
Elyria, Ohio
Ft. Wayne WWTP Outfall, Maumee River, IN





Mercury Levels > .5 ug/L
11.0 ug/L
0.8 ug/L
Cadmium Levels > 150 ug/L
480—840 ug/L


























































DATA ON BENTHOS AND PLANKTON
There does not appear to be much data on contaminant levels
in Lake Erie plankton and benthos. Table 1.5—1 briefly
summarizes some of the available data (references 5, 52—55).
A PLUARG study (171) evaluated contaminant levels in net
plankton and amphipods from the Grand River, which is a
major tributary to Lake Erie. The results are shown in


























Benthos (chironomids) — mercury
(See Figure 1.5—1) 52
Chironomid larvae — mercury, 0.48 ppm 53
(range .22—.80) in presence of sediment
containing average of 0.6 ppm Hg

















detected in one of 7 samples. DDT,
lindane, dieldrin and heptaclor were
not detected.
Benthos — DDT, lindane, dieldrin and 55
heptachlor all below detection limits.
(DDT—.05, 1indane-.003, aldrin~(095,
dieldrin—.007, heptachlor—.005) a












Figure l.5—1.D4ercury ooncentraﬁon in surface sedhnents













































ORGANOCHLORINE CONTAMINANT RESIDUES IN NET PLANKTON FROM OAKVILLE
CREEK AND THE GRAND RIVER, 1976 (WET WEIGHT ng/g) (i and 96%
CONF I DENCE LIMITS) .
  
’ Chemical # of Analyses Oakville Creek Grand River
? PCB 5 21 i 6 2 i 4
f









‘ LINDANE 5 ND -
B — BBC 5 ND ND
HEPTACHLOR 5 ' ND ND
ALDRIN 5 ND ND
HEPTACHLOR EPOXIDE 5 TR TR
THIODAN I 5 ND ND
THIODAN II 5 ND ND
I DIELDRIN 5 l i l 2 i l









op' DDT 5 TR ND








x — CHLORDANE 5 — 2 i 2
Y - CHLORDANE 5 3 i 5 3 i 3
MIREX 5 ND ND
ND — non detectable
TR - trace
























ORGANOCHLORINE CONTAMINANT RESIDUES IN AMPHIPODS FROM OAKVILLE CREEK
Table l . 5-3




Chemical # Of Analyses Oakville Creek Grand River
PCB 4 40 i 8 5 i 6
HCB 4 5 i 4 ND
X — BBC 4 7 i l 6 i 3
LINDANE 4 2 It 1 l
B — BHC 4 2 i 0 ND
HEPTACHLOR 4 ND ND '
ALDRIN 4 ND ND
HEPTACHLOR EPOXIDE 4 ND ND
THIODAN I 4 ND ND
THIODAN II 4 ND ND
DIELDRIN 4 6 i l 3 i l
ENDRIN 4 ND ND
pp' DDE 4 25 i 4 9 i 2
op' DDT 4 l i l —
pp' DDD 4 2 i 1 —
pp' DDT 4 2 i 1 ND
X - CHLORDANE 4 2 i l -
Y — CHLORDANE 4 2 i 1 l i l
MIREX 4 16 i 5 14 i 5
ND — non detectable
— - less than 1
84
1.6 DATA ON FISH CONTAMINANTS
Currently there are several fish contaminant monitoring programs
conducted in the nearshore areas of Lake Erie. New York
state has a "Statewide Toxic Substance Monitoring Program,”
within which fish from the vicinity of Lackawanna and Dunkirk
are analyzed on an annual basis. The Ont. Min. Env. and Min.
0f Nat- Res- analyze severalspecies of fish from the Eastern,
Western and Central Basins, and from Wheatley and Long Point.
Most of the analyses evaluate mercury and PCB concentrations.
Within the activities of the Ohio EPA Pesticide Surveillance
Program, fish from the Huron and Chagrin Rivers are analyzed for
a number of pesticides and other chlorinated compounds. Within
the state of Michigan, there is a joint effort between the
Michigan Department of Natural Resources, Michigan Department
of Agriculture, Michigan Department of Public Health, U.S. Food
and Drug Administration (Detroit Office) and the U.S. Fish and
Wildlife Service (Ann Arbor Laboratory)to evaluate whether the
contaminant levels in fish that are being utilized by the
public are in excess of recommended maximum U.S. FDA levels.
This program is called the GLECS (Great Lakes Environmental
Contaminant Survey) Program. Within the jurisdictions of
Michigan, Ohio and Pennsylvania, the U.S. Fish and Wildlife Service
has a National Pesticide Monitoring Program underway. The results
of many of the above programs are summarized in this chapter.
Heavy Metals
Table 1.6-1 summarizes the mercury concentrations found in Lake
Erie fish tissue, particularly from 1969 to 1977 (Ref. 9,15,24,56,57,
58). In 1970 (59) it was found that mercury concentrations were
generally higher in western basin fish than in fish from the
eastern basin (Table 1.6-2). Studies by the Ontario Ministry of
the Environment show that mercury levels are declining in Lake
Erie fish tissue (24). Table 1.6-3 and Figures 1.6—1 and 1.6—2
illustrate the observed declines in mercury concentrations in
tissue of walleye and white bass.
Concentrations of other heavy metals in Lake Erie fish tissue are
shown in Table 1.6—4 (references 9,27,60,61) and Table 1.6—5(5)










































































































































































 increasing trends were noted. Herdendorf et al noted that
"differences in species and size sampled, tissues analyzed and
collection data make any comparison between data difficult and
unreliable.”
Differences in sample preparation do exist among agencies,
and trend analysis will be meaningful only if standardized
procedures are adopted. For example, a filet may imply: tissue
with skin removed; tissue with skin attached; or tissue from a
specific portion of the fish. Whole fish analyses may imply:
the whole fish; or the whole fish minus the head, tail and
gutted.
More detailed analyses of fish from Ashtabula River were made
by the Environmental Research Laboratory in Duluth (70). At
least 19 compounds and isomers were identified and these are






































Lake Erie tributaries (171).
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TABLE 1.6—1
MERCURY CONCENTRATIONS IN LAKE ERIE FISH TISSUE
  
Ye_ar_ Location SJLies








Dec '69 Wheatley Yellow Perch




Mar '70 Bono Carp
Mar '70 Bono White Bass
Mar '70 Bono Yellow Perch
Mar '70 Sandusky Carp
Mar '70 Sandusky Yellow Perch
Mar '70 Sandusky Coho Salmon
Mar '70 Sandusky white Bass
Mar '70 Sandusky Channel Catfish
Mar ' 70 Sandusky Sheepshead
Mar '70 Sandusky Gizzard Shad
Apr. '70 Monroe Yellow Perch
Mar. '70 Bono Coho Salmon
Apr. '70 Monroe Coho Salmon
Apr. '70 Bono Channel Catfish
Apr. '70 Monroe Channel Catfish
Apr. ' 70 Monroe Walleye
Apr. ' 70 Monroe Steelhead
Apr. ' 70 Sandusky Walleye
Apr. '70 Raisin Pt. y , Walleye
Apr. '70 Raisin Pt. White Bass





1972 Presque Isle White Bass
1972 Presque Isle Perch
1972 Presque Isle Walleye Pike
    
No. Mean Mean Z Portion(a) Mean Hg Source







} F .14:.04 56
1 , (.05—.25)
} '; F .l3:.06 56
1 . (.01—.20)
‘ F .84 56
7




1 F .42:.05 56
1 (.29-.6l)
5001; w 0.25 57




10 622 i 4050 F 0.28 57
15 i 260 246 F 0.80 57
1
13 215 ‘ 136 F 0.44 57
15 546 1 2838 F 0.08 57



























































































9 250 280 0.34 15
(.20—.42)
6 230 196 0.25 15
(.19—.31)
6 375 616 0.37 15
(.31-.41)






















Walleye 0.79 (25)('1 0.65 (25) 0.33 (25) Hg (ppm)
Coho salmon 0.69 (20) 0.58 (10) 0.51 (13)
Yellow perch 0.61 (25) 0.49 (25) 0.29 (25)
White bass 0.60 (25) 0.72 (25) 0.43 (25)
Channel catfish 0.36 (25) 0.42 (20) —
Freshwater drum 0.67 (25) 0.62 (20) 0.30 (25)
Carp 0.23 (25) 0.35 (17) 0.36 (14)
White sucker 0.55 (24) 0.56 ( 8) 0.35 (25)
Gizzard Shad 0.20 (25) 0.21 (15) 0.26 (18)
Smallmouth bass — 0.55 (14) -
Smeltb — - 0.30 (10)
   
a — Numbers in parentheses refer to number of fish used in composite.
b - Mercury content of the entire fish.
TABLE 1.6—3
MERCURY LEVELS IN LAKE ERIE FISH TISSUE
(Ref. 24)
(a) Wallexe Mean Mean
Mean Range Z over Length Weight
Year N ppm ppm 0.5 ppm (cm) (gm)
1971 7 0.55 0.4—0.94 57 26 148
1972 101 0.58 0.14—1.35 76 34 426
1974 50 0.52 0.20-1.06 48 40 831
1975 72 0.68 0.15—1.98 51 45 NA
1976 192 0.31 0.09-1.25 8 35 447
1977 - — — — — —
(b) White Bass
1971 12 1.19 0.49—2.12 92 20 178
1972 149 0.53 0.08—1.96 34 24 200
1974 - — ' - — - —
1975 61 0.77 0.12-1.57 85 31 457
1976 2 0.31 0.26-0.37 — 28 380









































































1971 1972 1973 1974 1975 1976 1977





























































































































































































































































CONCENTRATIONS OF SELENIUM IN WESTERN LAKE ERIE
FISH FROM SIX LOCATIONS*
Average Concentration Selenium (ppm)fl Std.
Error of the Mean
 
Species No. Fish Wet Weight Dry Weight
Yellow Perch 79 0.74t0.05 3.32f0.22
Sheepshead 13 l.51f0.l9 8.12fl.02
Common Shiner 21 O.44f0.03 1.80t0.12
Spottail Shiner l6 0.69f0.09 2.82t0.37
Carp 6 0.82f0.13 3.57:0.55
White Bass 4 0.82f0.l3 4.26f0.69
Gizzard Shad 4 O.73f0.07 5.69f0.34
Walleye 7 O.52f0.ll 2.44f0.52
White Sucker 2 0.59 3.01






























































































































































































 TABLE 1.6-6 CONT'D
           
No. Mean Mean 36 E Portion Mean PCB
Y_ea_r Location Sgecies Samples Length (mm)_ Weight (3&2 Lipid __Am Conc. m _S_o_1£:_e__
1973 Central Basin Smelt 10 30 0.50 52
1975 Point Pelee Minnow 120 1.0 62
(0.95-1.8) 62
1975 Pt. Colborne Minnow 70 0.22 62
(0.05-0.85) 62
1975 Pt. Rowan Minnow 70 0.08 52
(0.04-0.16) 52
1975 Turkey Point Minnow 60 0.1!. 62
(0.10-0.17) 62
1975 Pt. Rowan Spot Tail Shiners 5 65:4 2.1101) 0.0610.” 52
1975 Pt. Pelee Spot Tail Shiners 5 634:3 l.8:0.2 0.84:0.40 62
1975 Pt. Colborne Spot Tail Shiners 5 61:3 1.2203 0.83-0.03 62
1975 Tremblay Creek Spot Tail Shiners lo esfs 3-4313 02810.21 62
1976 Central Basin Freshwater Drum 8 5-52 0.88 63
1976 Central Basin White Bass 2 8-43 0.1 63
1976 Central Basin Alewife 22 23.74 0.38 63
1976 Central Basin Yellow Perch 21 3-32 0.29 53
1976 Western Basin Freshwater Drum 23 9-42 0.63 63
1976 Western Basin Yellow Pickerel 11 3-7 0.7 53
1976 Western Basin Yellow Perch lo 2-1 0.58 53
1976 Western Basin Coho Salmon 9 2.65 1.1: 63
1976 Western Basin Yellow Perch 31 1‘76 0.6 63
1976 Western Basin Yellow Walleye 2 21'3 4.6 63
l976 Long Point Bay Smelt 75 2‘0 0.32 62
(0.25-0.95) 62
1976 , Wheatley Dock Smelt 75 1-6 0.59 62
(0.20—0.95) 62
1976 Western Basin White Bass 3 31:3 7.2 0.26 58
1976 Western Basin Gizzard Shad 27 138 11.4 0.02 58
1976 Western Basin E.Shiners 60 85 6.7 0.06 58
1976 Western Basin Smelt 60 196 3.5 0.06 58
1976 Western Basin Alewife 21 43 8.5 0.02 58
1976 Western Basin Spotted Tail Shiners 60 223 3.8 0.05 58
1976 Whole lake All species 3000 0'03‘1-52 9
1976 Erie, Pal Yellow Perch 5 p 0.23 16
1976 Erie, Pa. White Sucker 5 F 0.05 16
1976 Erie, Pa. White Crappie 5 p 0-19 16
1976 Erie, Pa. Channel Catfish, F
Brown bullhead 5 0.93 16
1976 Lake Erie Yellow Perch lo 193 E? 0-18 16
1976 Lake Erie White Bass 4 213 51: 0.32 16
1976 Lake Erie Smallmouth Bass 3 287 EP 044 16
1976 Lake Erie Rainbow Trout 1 533 E? 0.34 16
1976 Lake Erie Walleye l 368 15? 0.11 16
1976 Lake Erie Coho Salmon 1 526 E? 0.72. 16
1976 Presque Isle Bay Yellow Perch 2 267 E? 0.33 16
1976 Presque Isle Bay Walleye l 358 [p 0.22 16
1976 Presque Isle Bay White Crappie 1 236 E? 0-33 16
1976 French Creek Smallmouth Bass 1 241 E? 0.17 16
1976 Godfrey Run Coho Salmon 6 486 (f) 4.36 16
93
 
 TABLE 1.6-6 CONT'D






















































































































































































          
(a) Aroclor
1254 concentrations:

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
(Ref. 69)
_.. Concentrations n ppm _
Date Site Species No. DDT PCB Mercury 7 Dieldrin
1974 Monroe Carp <5 lbs 4 .28 3.7 .34 0.0
Carp >5 lbs. 8 .36f.26 3.9f1.6 .27f.07 .01
1974 Monroe Catfish >17" 3 .31 2.97 .66 .00
Catfish 17—20” 2 .43 3.00 .20 .09
1974 Monroe Drum 10 .01 .52f1.0 .43f.l6 .00
1974 Monroe Yellow Perch 24 .00 .03 .36 .00
1974 Monroe Walleye 12 .O6f.16 .22f.40 .33f.23 .01
1974 Monroe White Bass 6 .02 2.18f1.22 .63f.l4 .01
1975 Monroe Carp <5 lbs 11 .13f.11 3.17fl.95 .21t.11 .01
Carp >5 lbs. 1 .24 3.9 .41 .01
1975 Monroe Catfish >17” 5 .16f.13 3.29f1.85 .23f.09 .02
Catfish 17—20" 2 .30 5.65 .30 .01
1975 Monroe Drum 12 .00 .11 .38f.29 .00
1975 Monroe Salmon 8 .04f.04 .38f.34 .06 .02
1975 Monroe Walleye l3 .Olf.02 .34j.42 .3lf.24 .00
1975 Monroe White Bass <10" 2 .00 .55 .39 .00
White Bass >10" 6 .02f.03 1.78f1.10 .73f.18 .03f.03
1975 Monroe Rainbow Trout l .04 .70 .00 .01
1975 Monroe Chinook Salmon 6 .O6f.02 .25f.l7 .06 .04
       









































































































































































































































































Table 1.6-11 HEAVY METAL RESIDUES IN SPOTTAIL SHINERS, 1977 (Hg/g) (MEANS AND 95% CONFIDENCE LIMITS)
 
SITE LOCATION








Nottawasaga River 10 58:2 8:0.1 0.035:0.003 —* —* -* -*
LAKE ST. CLAIR
Thames River











10 58:2 l.6:0.2 0.056:0.004 —* -* -* -*
Grand River
10 45:2 l.5:0.l 0.037:0.010 —* -* —* -*
LAKE ONTARIO
Niagara River
10 51:3 2.9:O.l 0.074:0.008 1.27:0.3 32:4
0.21:0.020
Burlington Beach
9 55:3 5.3:O.5 0.039:0.006 —* -* —* -*
Humber River
10 62:2 7.2:O.3 0.044:0.003 1.22:0.2 26:1
0.09:0.009
Salmon River






























































































































































































































ORGANOCHLORINE CONTAMINANT RESIDUES FOUND IN SPOTTAIL SHINERS IN SOME ONTARIO DRAINAGE BASINS, 1977 (ng/g)































Detroit River (Big Creek) 9
57:2
0







































































































































































































































































































































































































































































































Analyses of herons, starlings and herring gull eggs from the
Lake Erie Basin are summarized in Tables 1.7—1 and 1.7-2
(references 71-74).
Because most of the analyses are recent,
no trends can be determined.
Intensive analyses of residues in fish—eating birds of Lake
Erie are currently underway, and preliminary results may be

























































































































































































































































Mercury concentrations (ppm fresh weight) in great blue herons, black—crowned night herons and American egrets collected
































































































.62 .56—.69 3.16 1.98-4.34 .28 .24-.31








1Analysis indicated at least 8.08 ppm Hg. Precise measurement of the Hg concentration beyond this level was not determined.
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Annual samplingprogramson the Detroit River have occurred consistently
since 1967. Specific details of the programs are described in the
Surveillance Subcommittee's 1977 report (75) to the Water Quality
Board, and the results are reported in the Subcommittee's Annual
Reports. Data on the Detroit River prior to 1967, are found in such
documents as the: "Proceedings of a Conference in the Matter of
Pollution of the Navigable Waters of the Detroit River and Lake Erie
and Their Tributaries in the State of Michigan"(3), and the report
"Water Pollution Investigation: Detroit and St. Clair Rivers."
The latter report (76) reviews'historical chemical and biological
data, as well as data obtained in 1973. A recent report by the Ont.
Min. of Nat. Resources (174) reviews pastand existing environmental
monitoring programs on Lake St. Clair - St. Clair River.
2.1 DATA ON WATER QUALITY
Tables 2.1—1 and 2.1—2 show the changes in concentrations
of metals from the beginning of St. Clair River to the mouth
of the Detroit River (76,77). Increases in cadmium, chromium,
copper, lead and nickel are observed, especially downstream
from the Ecorse River.
Table 2.1—3 lists the organic compounds found during the EPA
study to detect previously unrecognized pollutants in surface
waters (18) and during the Health and Welfare Canada national
survey of halomethanes in drinking water (78). Table 2.1-4
shows the results of the Michigan Department of Natural
Resources survey of water quality in the Detroit and St. Clair
Rivers (77).
A recently published PLUARGreport (170) lists the concentra—
tions of pesticides found in the Big Creek (AG—l) and Holiday
Creek (AG-5) watersheds which eventually drain into Lake St.
Clair via the Thames River. Table 1.1—11 describes the





HEAVY METAL CONCENTRATIONS IN WATERS OF DETROIT RIVER, LAKE ST. CLAIR; ST.
Samples





































2,500' from w. shore
5,500' from w. shore
7,500' from w. shore
9,500' from w. shore



























































    
 
   
    
   
    























Range of Means of __Water (pg/L)
 
LOCATION Heavy Metal Concentrations Sediment (mg/kg)
Cd Cr Cu Pb Hg Ni Zn
St. Clair River — Mouth Lake 2.7—5.4 4.8—6.0 2.2-2.3 3.3—4.6 10—20 51—111
Huron (2 sites) 20-30 11—16 6—29 .l8 10—32 33—59
Detroit River - Peche Island .29—.33 4.8—9.1 4.6-7.1 2.0—2.7 4.0—4.4 14—16 63—87
Area (3 sites) 1.4—2.6 30—87 9—14 15—30 .l9—.50 24-32 44—81















Mouth of Detroit River .3l—.95 4.3—17.l 5.8—12.0 3.4—9.2 2.4—3.1 15—31 65—84






IDENTIFIED IN THE WATERS OF









































































































































































ORGANIC CONTAMINANT SURVEY - WATERS 0F
DETROIT RIVER; LAKE ST. CLAIR. ST. CLAIR RIVER(a)
ORGANIC CONTAMINANTS SOUGHT AND DETECTION LEVELS (pg/L)
 
DBP: 1.0 Cyanide: 0.1-10 Aroclor 1242: 0.1
DEHP: 1.0 2,4—D: 0.05-5.0 Aroclor 1254: 0.1
Toxaphene: 1.0 Silvex: 1.0 Aroclor 1260: 0.1
Chlordane: 0.1 Endrin: 0.02 Dieldrin: 0.003
Lindane: 0.05 Heptachlor: 0.02 o,p—DDT: 0.01
Methoxychlor: 0.05-5 PCBs: 0.1-0.3 Phenol: .1—2
ORGANIC CONTAMINANTS FOUND,
LOCATION EQNCENTRATIONS (pg/L) AND DATE
Algonac WTP none
St. Clair River 1975—77
Port Huron WTP Cyanide - 0.1—0.5
St. Clair River 1974-77 p.p-DDT - O 014 (07/74)
DBP — 1.0 (07/74)
DEHP — 1.6-4.6 (07/74, 10/75)
Phenol - 4-2 (10/75 - 01/77)
*Detroit River — Range 30.8 1972-77 Cyanide — 0.1 (07/77)
(Detroit to Peche Island)
Detroit WTP DEHP - 5.7 (01/76)
Detroit River 1972-77 Phenol — <.5 - 5 (05/72 - 04/77)
Cyanide - .2 (04/77)
*Detroit River — Ranges 14.6—20.6 Cyanide - 0.2-13 (05/77 — 09/77)
(Detroit to Windsor) 1972-77
*Ecorse River 1973—77 Cyanide — 5-10 (11/76 - 09/77)
*Detroit River — Ranges 3.9-12.0 1972_77 Cyanide - 0.4—20 (10/72 — 09/77)












DATA ON SEDIMENT QUALITY
Heavy Metals
As in the case of Lake Erie, the recognition of mercury discharges to
the St. Clair River and the Detroit River, resulted in the initiation
of several efforts to evaluate the extent of contamination by mercury.
Many studies evaluated concentrations of several heavy metals in
addition to mercury. The results of the efforts are shown in Tables
2.2—1, 2.2—2 and 2.2—3 (9, 22, 31, 76, 79—82). Figure 2.2—1 illus—
trates the sampling sites of separate studies on the St. Clair River
and Lake St. Clair by the Ontario Ministry of the Environment, the
U.S. Depart_ ment of Interior and the Michigan Department of Natural
Resources. The Roman numerals in Figure 2.2—1 indicate four areas
designated by the Michigan DNR and the heavy metal concentrations in
the four areas are shown in Table 2.2—3. Figures 2.2—2 and 2.2—3
illustrate the extent of the U.S. Department of Interior studies on
the Detroit River.
PLUARG (9) reported in 1978 that in Lake St. Clair the mean mercury
values in sediments have decreased from 1.55 mg/kg in 1970 to 0.54
mg/kg in 1976. On the basis of Figure 2.2—4, PLUARG reported that
"Lake St. Clair is still a major source of mercury to Lake Erie, even
seven years after shutdown of the point source discharge. The sedi—
ments of Lake St. Clair, laden with mercury, are gradually being
washed out through the Detroit River and deposited in the western
basin of Lake Erie." With regard to other heavy metals, the studies
of the Detroit River sediments in 1970 by the Department of Interior
and in 1973—74 by the Environmental Control Technology Corporation
(76), are of particular interest. Eight to twenty fold increases in
concentrations of mercury, lead, zinc, nickel, chromium and copper
were observed during 1970 in sediments at the mouth of the Detroit
River (Lake Erie), when compared to the sediments at the head of the
Detroit River (see Table 2.2—1). The 1973—74 study (76) also showed
increases in the heavy metal concentrations, however, the magnitudes
of the increases were somewhat less than observed in 1970 (Table 2.1—
2). Figure 1.2—8 illustrates similar increases for lead within the
Lake St. Clair - Detroit River — Lake Erie system.
Organic Contaminants
 
Table 2.2—4 summarizes some of the available data for organic contam-
inants in sediments of the Detroit River, Lake St. Clair and St. Clair
River (42, 43, 80, 81). Comparisons of 1970 and 1974 levels of
organochlorine insecticides and PCBs in Lake St. Clair are shown in
Table 2.2—5 and Figures 2.2-5 and 2.2-6. PLUARG in its 1976 report to
the Commission (42), stated that "a statistically significant decrease
in mean concentration of DDT and metabolites of approximately 60% has
occurred between the two surveys (1970, 1974). PCBs also show a
decline of approximately 50% over the same time interval." The
decrease was ascribed to two phenomena "firstly, decrease in source
due to the 1970 ban on DDT and the voluntary restraint on PCBs use
114
requested in 1971. Secondly, the shallow water nature of Lake St.
Clair results in the resuspension of bottom sediment and movement to
the Detroit River."
The analyses of suspended solids (Table 2.2-6) from the Detroit River
showed that suspended solids derived predominantly from Lake St. Clair
were supplemented by additional sources within the Detroit River with
regard to DDT, HEOD (Dieldrin), heptachlor epoxide‘ chlordane and P035
(43). Extensive discussions on the levels of insecticides and PCBs in
Lake St. Clair are found in reference 43.
Recently published results in a PLUARG Task C report (170), indicate
the levels of pesticides which were found in streambed sediments of
Big Creek (AG—l) and Holiday Creek (AG—5). The results are shown in




METAL ANALYSES " SEDIMENTS FROM







SAMPLE SAMPLING STATION SAMPLING INFORMATION
DATE 0R DESIGNATION SITES MERCURY LEAD ZINC NICKEL ARSENIC CADMIUM CHROMIUM COPPER SOURCE






























1970 Upper Detroit River ’ 5 0.7—1.4




















(N. of Nicholson Dock)
'

















shore — See Figure.2.2—3
*less than "measurable
limit of 0.5 mg/kg wet
weight"






































































































































































































































































































































































































































SUMMARY OF MERCURY RESULTS ' ONTARIO MINISTRY OF THE ENVIRONMENT
SEMI—ANNUAL ASSESSMENT PROGRAM(a)




Total Mercury Concentratlon mg/kg














































































































































































































































































































































































































































































SUMMARY OF MERCURY RESULTS (CONTINUED)
 
Total Mcrrury Conventration mg/kn
 
Location
Jun/73 Nov/73 May/74 Dvc/74 1V May/75 1 Nov/75 MnV/76
Station









































1.73 1.2 4.6 0.48 0.72
Lake St. Clair
          
(a) See Figure 2.2—1 for approximate sampling site locations.
 
  
Table 2.2—3 Mean heavy metal concentrations in the surface sediments of Lake
St. Clair, August 13—16, 1973. A11 concentrations, except for
oils (percent), presented on dry weight basis in mg/kg : one
standard deviation.
Parameter
Area(a) Cd Pb Ni Zn
I 0.34 i, 0.25 20.59 i 13.95 16.1 i 7.7 58.0 i 26.2
II 1.02 i 0.62 15.43 i. 1.32 14.9 :_ 4.7 80.8 i 52.8
III 0.39 :_ 0.26 4.97 :_ 6.56 5.8 :_ 4.2 32.4 i 23.7
IV 0.97 i 0.90 32.42 :_38.19 42.5 i 14.4 132.7 : 65.8
Range_ <0.2 — 2.1 <1.0 91.2 1.4 — 63.2 12.2 —228.1
Lake X 0.54 i_ 0.55 18.79 : 21.67 19.2 i 15.8 69.6 + 52.8
Cu Cr As Se
I 18.26 : 10.98 10.46 i. 4.58 1.3 :_0.5 <1.0 i_0.0
II 16.89 i. 9.54 8.50 i 1.36 1.3 :_0.8 <1.0 : 0.0
III 10.58 : 14.60 4.63 i 1.85 0.8 i_0.4 <1.0 : 0.0
IV 25.53 1 18.47 25.46 i. 9.54 1.0 i 0.4 <1.0 : 0.0
Range_ 2.0 — 52.6 2.5 — 38.6 <l.0 — 2.1 <1.0
Lake X 16.41 :_13.46 12 14.: 9.26 1.1 :_0.5 <1.0
Hg TKN Oils (1)
I 1.087 1 1.294 854.9 :_433.6 0.41 i 1.14
II 0.359 i 0.263 806.2 i_299.8 0.11 i 0.09
III 0.165 i 0.170 280.9 :_l95.6 0.02 i 0.01














Data supplied by Michigan Department of Natural Resources
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 Fig. 2.2-1 SAMPLING SITES FOR MERCURY ANALYSIS 5,0“ mm
OF SEDIMENTS FROM ST. CLAIR RIVER '
AND LAKE ST. CLAIR
A MOE Sampling Station
—5 MOE Bedload Ranges SAINT
96 us Dept. of Interior Sampling Site
Observed Concentrations mg/kg Pine R
0 Michigan DNR Sampling Site \
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ORGANIC ANALYSES - SEDIMENTS FROM
ST. CLAIR RIVER; LAKE ST. CLAIR, DETROIT RIVER
DATE STUDY AND RESULTS REFERENCE
1973 Ontario Ministry of the Environment 9-Study 81
at the Mouth of the Thames River. (Lake St.
Clair)
p,p DDD - 0 — 5 ppb (6 samples)
PCB - 0 - 50 ppb (6 samples)
1970 - Organochlorine Insecticides and PCBs in 42,43
1974 Sediments of Lake St. Clair. See Table
2.2-5, and Figures 2.2—5 and 2.2—6.
1974 Residues in suspended solids taken from the 43
Detroit River in 1974. See Table 2.2-6
1975 State of Michigan — Lake St. Clair Study 80
 
PCB — 4 stations near Clinton Spillway mouth
contained between 0.5 — 1.1 mg/kg PCB
- 24 other stations were below detention
limit of 0.05 mg/kg
DEHP (phthalates) - 3 stations near Clinton
Spillway mouth and one station near
the shipping channel contained between
3.84 — 5.26 mg/kg phthalates.
- 24 other stations were below the







































































































No heptachlor or heptachlor epoxide (<O.2 1970 and <0.l ppb 1974), chlordane (2 ppb 1970 and 1 ppb 1974), endrin
(<0.8 1970 and <0.4 ppb 1974), methoxychlor (<2.0 1970 and <l.0 ppb 1974), were detected to the limits of detection.
Twenty major organophosphorus insecticides were not detected to a limit of 5 ppb diazinon, 10 ppb parathion, 15 ppb
ethion and 500 ppb azinphosmethyl or similar level for the respective compound based on comparative sensitivity to
GLC — flame photometric detection.












































































































































An International Michigan-Ontario Air Pollution Board was
established on February 3, 1976 pursuant to a reference from
the governments of the United States and Canada to the
International Joint Commission to examine into and report
upon the state of air quality in the Detroit—Windsor and
Sarnia—Port Huron areas on a continuing basis. Two annual
reports of the Board (83, 84) were published, describing
the air quality status and trends in the above noted areas.
Substances monitored include: suspended particulates, sulfur
dioxide, carbon monoxide, nitrogen dioxide, ozone and
"hydrocarbons." Details of the monitoring efforts are not
included within this report because the substances are
currently not of direct relevance to this report.
Some detailed studies of air and precipitation in the Lake
St. Clair Basin were recently completed. Table 2.3-1 outlines
the levels of PAHs which were detected in air in the vicinity
of Sarnia, Ontario (167). PLUARG studies (170, 172) have
provided information on pesticide, metal and PCB levels in
rainwater. The results are shown in tables 1.3-3 to 1.3-5,
where AG-l and AG—5 denote Lake St. Clair watersheds.
DATA ON MUNICIPAL AND INDUSTRIAL DISCHARGES AND SLUDGES
The results of analyses in 1973 and 1975 of influents to, and
effluents from, the Detroit Wastewater Treatment Plant are
shown in Tables 2.4—1, 2.4—2 and 2.4—3 (85). As observed in
the Lake Erie municipal effluent analyses, the predominant
contaminants were phthalate esters and to some extent, Arochlor
1254. Levels of the phthalate esters were lower in 1975, than
in 1973. Metal loadings from the Detroit plant in 1975 are
highly significant. For example, an average chromium
concentration of 160 ppb would result in a discharge of
approximately 580 kgs/day chromium: 300 ppb nickel would
imply a discharge of approximately 1080 kgs/day nickel.
Analyses of sludges and fly ash from the Detroit WWTP are
summarized in Tables 2.4—1 and 2.4—4 (85). Mean levels of
organochlorine pesticides in digested chemical sludges from Point
Edward and Sarnia, Ontario are also summarized in Table 2.4—4
(86). The Ontario data was retrieved from an extensive report by
Jones and Lee on municipal wastewater effluents and sludges (87).
Extensive analyses were made of various industrial discharges
to the St. Clair River, by the Ontario Ministry of the
Environment (88), and the results are shown in Table 2.4-5.
It is understood analyses of sediments in the vicinity of the
discharge areas are underway, however, the investigation
has not been completed at the time of preparing this report.
Table 2.4-6 shows the results of a study to evaluate the release
of PCBs and polychlorinated triphenyls on the vicinity of an
investment casting facility in suburban Detroit (89).
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TABLE 2.3—1
COMPARATIVE SEASONAL CONCENTRATION LEVELS OF PAH’S IN AIR OF ONTARIO CITIES
APRIL 1975-MARCH 1976














































































































































































































































































































































































































































































































































































RAW WASTE EFFLUENT SLUDCE
PARAMETER (lbs/ilav) (pg/L) (lbs/day) (mg/kg) DRY W
o,p—DDD <.001 (.005 .005 .024 <.001
.001
< .001
p,p—DDD <.001 <.005 <.001 <.005 .008
.016
.041
o,p—DDE <.001 <.OOS .004 .020 .002
.001
.006
p,p-DDE .15 .73 .030 .15 .008 80
.027
.039
Methoxychlor .16 .78 .040 .20 <.001 75
<.001
< .001
Di-N-Butyl phtha1ate 1:30 2100 350 1700 17 19
35
25
Di—2—ethy1 phthalate 560 2700 330 1600 37 41
1'4
49









ORGANIC CONTAMINANT CONCENTRATIONS (UgﬂJ


















































































































































































































































































































































































































































EFFLUENT ANALYSES - DETROIT WASTEWATER
TREATMENT PLANT(Ref.85)
 
Concentration (ug/L) - effluent
 
2 Average
Date Location Flow (MGD) Cd Cr Cu Pb As Ni Se Zn Hg
5/29/75 Detroit 950 16 160 150 110 7 300 <5 470 0.2
5/30/75 Detroit 950 35 160 120 120 7 330 <5 450 0.2
11/18/75 Detroit 950 16 146 97 76 3 290 <5 316 1.0
11/19/75 Detroit 950 18 230 131 100 4 340 <5 445 0.7

























SEWAGE SLUDGE AND FLY ASH ANALYSES




Detroit WWTP—MAY 1975 Edward WWTP Sarnia WWTP
SLUDGE FLY ASH SLUDGE SLUDGE







Selenium < 40 < 40
Zinc 3100—3400 3600
Arsenic 11-13 9 I
Ug/kg Ug/kg
Lindane < 2 < 4 l. 2 3. 2
Heptachlor < 5 < 5 2.3 15.0
Aldrin < 2—12 < 2 1.1 9.4
Heptachlor epoxide < 2 < 2 l. 8 6. 8
Dieldrin < 2 < 2 l. 7 3. 2
Endrin < 2 < 3
Methoxychlor 1900-2600 < 10
Chlordane < 2—15 < 2 23.9 29.9
Aroclor 1221 <100 <l00
Aroclor 1242 600—1000 <100
Aroclor 1248 <lOO <100
Aroclor 1254 400—590 <100 108 l , 122
Aroclor 1260 <100 <lOO
Endosulfan < 5 < 5
Tedion < 10 < 10
Treflan < 2 < 2
Hexachlobenzene < 2—5 < 2
BBC < 5 < 5
Aldrin < 2—12 < 2
Diethylhexylphthalate 320-4900 22
Zytron < 5 < 5
Isodrin < 3 < 3
o,p—DDE < 3—20 < 3
p,p—DDE < 3 < 3 3.7 20.8
o ,p—DDD < 3 < 3
o , p—DDT < 3 < 3 4 . l 5 .
p,p-DDD < 3-32 < 3 .0 6.4
p,p—DDT 10-72 < 3 0.8 2.7
Di-N-butyl Phthalate 180-250 19
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TABLE 2.4—5
ORGANIC COMPOUNDS IDENTIFIED IN INDUSTRIAL EFFLUENTS
WWW
ONTARIO MINISTRY OF THE ENVIRONMENT
GrouE A) Organohalides.


























































































































































































































































































































































































































































During preparation of this report, no data was found on contaminant
levels in benthos and plankton from the Detroit and St. Clair Rivers
and Lake St. Clair.
DATA ON FISH CONTAMINANTS
Trends of mercury concentrations in Lake St. Clair fish, have been
evaluated by the U.S. Fish and Wildlife Service (90) (Table 2.6—1) and
the Ontario Ministry of the Environment (91) (Table 2.6—2). Mean
concentrations of mercury in fishes from Lake St. Clair decreased
rapidly within 3—4 years of the reduction of mercury discharges.
However, insignificant changes in the fish tissue levelshave occurred
from 1975 to 1977. Detailed analyses for the year 1976 are outlined
in Table 2.6—3.
Tables 2.6—4 to 2.6-7 illustrate the concentrations of pesticides and
PCBs which have been found in Lake St. Clair fish. (73, 92, 93)
In May 1978, Hallett et a1. (94) reported the identification and
quantification of several PAHs in carp and pike taken from the con—
fluence of the Rouge and Detroit Rivers at Detroit, Michigan. Twenty—
four compounds, which are listed in Table 2.6—8, were identified in
Detroit River pike. Quantitation data for four compounds is shown in
Table 2.6—9.
Recently Veith and Kuehl (95) have identified the presence of hexa—
chlorobenzene, octachlorostyrene, cis—chlordane, trans—nonachlor and
high concentrations of pentachloroanisole in fish from the Detroit
River.
A PLUARG Task Group D report (171) gives the concentrations of
various organochlorine and heavy metal residues in shiners from
the Thames River. The results are shown in Tables 1.6—11 to
1.6—14 within the "Lake Erie" chapter.
DATA ON WILDLIFE
No data on residues in wildlife within the Detroit River, Lake St.




































and Number length weight Mercury





















1973 77 485 1105 1.18 (0.10)
1974 60 501 1174 1.07 (0.10)
1975 99 497 1128 1.03 (0.10)
1976 30 497 1271 0.78 (0.20)
Rock Bass
1970 45 185 164 1.24 (0.27)
1972 40 174 121 0.49 (0.08)
1973 36 178 126 0.37 (0.07)
1974 50 209 211 0.37 (0.06)
Yellow Perch
1970 45 198 106 1.22 (0.17)
1973 45 191 91 0.31 (0.08)
1974 43 228 158 0.28 (0.04)
Channel catfish
1970 15 538 1867 1.62 (0.45)
19723/ 9 363 519 0.37 (0.19)
19733] 8 461’ 1023 0.35 (0.08)
1974g/ 20 490 1135 0.35 (0.04)
1/
—-Concentrations expressed as elemental mercury in wet weight
tissue with 95% confidence interval in parentheses
g/Whole fish.
Source:
U.S. Fish and Wildlife Service
Great Lakes Fishery Laboratory
TABLE 2.6—2
Mean concentrations (pg/g, fillets) of mercury in






















































































MERCURY ANALYSES - LAKE ST. CLAIR FISH TISSUE
LAKE ST. CLAIR MERCURY DATA SUMMARY - 1976

























































































































ORGANIC ANALYSES ' FISH TISSUE FROM
LAKE ST. CLAIR, DET
ROIT RIVER; ST. CLA
IR RIVER
 
C 0 N C E N T R A T I 0 N S — A v e r a g e p p m
 
NO. AVE WT or HEPTACHLOR CHLOR- INFORMATION
YEAR LOCATION
SPECIES SAMPLES LE














































































































SOURCE: Lake St. Clair (Ref. 92)
WEIGHT
NUMBER IN KG PCB LEVEL PCB LEVEL
FISH OF RANGE OR IN ppm IN ppm
DATE SPECIES FISH (AVERAGE) MEAN RANGE
1970 Large Mouth Bass 6 (0.56) 1.3 -
Mooneye 12 (0.31) 1.9 -
Yellow Perch 3 (0.11) 0.12 ~
Quillback Sucker 6 (1.32) 0.31 -
Redhorse Sucker 8 (0.93) 0.01 -
White Sucker 10 (1.30) 0.29 -
1971 Large Mouth Bass 5 (0.63) 0.83 -
Rock Bass 10 (0.23) 0.10 -
Carp 8 (3.68) 0.72 -
Catfish 6 (2.02) 2.3 -
Black Crappie 13 (0.20) 0.07 -
Long—nose Gar 12 (0.72) 1.5 -
Yellow Perch 11 (0.06) 0.11 -
Quillback Sucker 9 (1.24) 0.18 -
Redhorse Sucker 8 (0.70) 0.19 -
Pickerel 10 (0.59) 0.10 -
Pickerel 46 0.15 — 2.4 0.83 0.25 — 3.1
1972 Coho Salmon 1 — 2.7 -
Perch 24 0.07 — 0.16 0.14 0.07 — 0.25
     
Levels are generally similar to those for Lake Huron. Pickerel levels run as high as 3.1 ppm,
but average less than 1. One Coho salmon had a level of 2.7 ppm.
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No. of Mean Wt. (ppm)
Year Species Looation Samples (grams) mean max. min.
1970 Largemouth Bass Lake St. Clair 6 564 1.3
Yellow Perch 3 108 0.12
Quillback Sucker 6 1319 0.31
Rednose Sucker 8 928 0.01
White Sucker 10 1298 0.29
Mooneye 12 306 1.9
1971 Walleye Lake St. Clair 10 591 0.10
Largemouth Bass 5 632 0.83
Rock Bass 10 230 0.10
Yellow Perch 11 59 0.11
Quillback Sucker 9 1244 0.18
Rednose Sucker 8 698 0.19
Bluegill 25 172 0.06
Bowfin 10 1367 0.05
Brown Bullhead 12 427 0.11
Black Crappie 13 199 0.07
Carp 8 3676 0.72
Catfish 6 2016 2.3
Freshwater-Drum 12 519 0.17
Longnose Car 12 723 1.5
Pumpkinseed Sunfish 22 104 0.11
1971 Walleye 46 0.83 3.0 0.25
1972 Coho Salmon St. Clair River 4 120 2.9 4.7 1.4
Rainbow Trout 2 490 2.9 3.8 1.9
“ Yellow Walleye 1 594 0.16
Smallmouth Bass 3 493 0.30 0.52 0.10
White Bass 5 500 7.6 12 4.3
Perch 12 130 0.16 0.22 0.08
Pike 11 190 2.2 6.8 0.11
N. Rednose Sucker 4 898 0.74 1.3 0.34













1972 Coho Salmon Lake St. Clair 1 2.7






















NUMBER IN KG PCB LEVEL PCB LEVEL























Sucker 20 0.42 — 1.2 1.2 0.14 — 2.8
Small Mouth Bass 3 0.29 — 0.60 0.30 0.10 — 0.52
Pickerel l 0.59 0.17 -
Coho Salmon 4 0.89 — 1.2 2.9 1.4 - 4.7










Rainbow Trout 2 0.42 - 0.56 2 9 1.9 — 3.8
Perch 12 0.06 — 0.15 0.16 0.06 -0.24
PCB levels in St. Clair River fish are somewhat elevated in comparison with those from
Lakes Huron and St. Clair.
industrial and municipal effluents.
some concern .
This is possibly attributable to exposure to PCBs from
Only Pike and Bass show levels at or above the




POLYNUCLEAR AROMATIC HYDROCARBONS IN
GREAT LAKES FISH IDENTIFIED BY MASS SPECTROMETRY
  

























































































































































































































































































































































































































9 nd nd nd nd
10 nd nd nd nd
Detroit Pike
1 34 26 40 20
2 20 14 14 40
3 18 8 20 44
4 20 8 20 44
5 68 26 * 128 290
6 18 10 24 4O
7 20 6 3O 30
8 nd nd I nd nd
9 46 24 70 120
10 52 26 100 120
nd = non detectable





 @lﬂlﬂ HIIIIIIN BASIN
The Upper Lakes Reference Group (ULRG) report to the International Joint
Commission, entitled "The Waters of Lake Huron and Lake Superior — Volume
II — Lake Huron, Georgian Bay and the North Channel," provides a compre‘
hensive description of the chemical and biological quality of the Lake
Huron Basin (96). Most of the data in this Chapter is obtained from the
above noted report.
3.1 DATA ON WATER QUALITY
Heavy Metals
Table 3.1—1 and Figures 3.1—1 to 3.1—5 summarize data on heavy metal
concentrations in the nearshore and open waters of Lake Huron,
Georgian Bay and the North Channel. The average distributions of
mercury in surface and bottom waters of Lake Huron in 1970-1971 are
shown in Figures 3.1—1 and 3.1-2. Chan and Saitoh (4) attributed
the area of "high mercury stretching from the southern tip of Lake
Huron to the inputs from industrial sources in Saginaw Bay and near
Sarnia." Trace metal concentration levels in filtered waters shown
in Figures 3.1—3 to 3.1—5 were obtained from the ULRG report (96).
The results in Table 3.1—1 of nearshore water quality were obtained
from the Michigan Department of Natural Resources (97, 98).
Saginaw Bay, described by the ULRG "as a nearshore area heavily
influenced by human activity," was closely studied by the Reference
Group. Most of the available criteria for heavy metals appear to
be met (Table 3.1—2). The Reference Group also noted that "there is
insufficient data for trend detection for heavy metals" in Saginaw
Bay.
Ranges of heavy metal concentrations in Lake Huron tributary waters,
which were determinedby the Michigan Department of Natural Resources
(97), are summarized in Table 3.1—3. The proposed IJC water quality
objectives for cadmium (0.2 ppb), copper (5 ppb), lead (20 ppb), and
zinc (30 ppb) are occasionally exceeded. Tributary inputs to Lake
Huron sub—basins were calculated by the ULRG and shown in Table 3.1—4.
To summarize the situation with regard to heavy metals in Lake Huron
waters, the ULRG stated that "trace metal contamination in Lake Huron


























































































of atmospheric fallout from the Sudbury smelting operations. PLUARG




































(:7.0); selenium (:0.1); and, arsenic (5p.6).
Organic Contaminants
 
Results of surveys for organic contaminants in the open waters of
Lake Huron are shown in Table 3.1—5. Several unidentified com—
pounds were observed by Strachan (14) in Lake Huron watersduring
1973. Estimated quantities of phthalates, fatty acids and hydro—
carbons were reported. In 1974, Glooschenko, Strachan and Sampson
(12) analyzed Lake Huron waters obtained from 18 different sites,
for PCBs, and organochlorine and organophosphorus pesticides. No
compounds were detected in filtered waters above the quantification
limits shown in Table 3.1—6. Detectable amounts of lindane were
found in each of the water samples, and trace amounts of both
heptachlor and dieldrin were found in the middle of Lake Huron. A
station off Goderich, Ontario showed traces of p,p' — DDE.
The Upper Lakes Reference Group, detected measureable quantities of
PCBs and phthalate esters in Saginaw Bay (Table 3.1—7) during 1974.
The Reference Group found the PCB concentration in open waters of
Lake Huron to be less than the 10 ng/L detection limit. Some near—
shore areas contained detectable amounts of DDT during the Reference
Group study. Also the Reference Group expressed concern about the
high phenol levels at the mouth of the Spanish River and within the
St. Mary's River.
Additional data of organic contaminant levels on Lake Huron and
tributary waters have been reported by the Michigan Department of
Natural Resources (Table 3.1-8) (reference 97) and by the EPA study
to detect previously unrecognized pollutants in surface waters (Table
3.1-5) (reference 18).
Recently, within the proceedings of a conference on PBBs (165), the
levels of P335 in the Pine River were reported. The observed levels
are shown in Table 3.1-9.
A PLUARG Task C report (170), published in 1978, shows the levels of
pesticides which were detected in three watersheds within the Lake
Huron Basin. Within Tables 1.1-11 to 1.1-20, the determined pesticide
levels are summarized, where AG-3 refers to the Au Sable River water—
shed, AG—6 refers to the Maitland River watershed and AG-l4 refers to




























































































































































































   
     






























































































































      
    
  
  
   
   

















IN THE NORTH CHANNEL IN 1974































































































































































































































































































St. Ignace TWP 9 O.3—Z(b) 0.2-2
2—5(b) 1—8
<.l—.3




























































































(a) "Total" (unfiltered) metal concentrations unless otherwise specified.
(b) Dissolved (filtered) water samples.
 
 TABLE 3.1-9
TRIBUTARY INPUTS To lAKE HURON SUB—BASINs


























































































































































































































































































































































































































            
The totals shown above represent all available data. However, some discharges were not sampled fur all parameters, and some analytical techniques varied be—
tween the two jurisdictions.
a.
Not sampled



































(mostly acyclic — CZO—CBO)



























(See Table 3.1—6 for compounds sought)
ave. — 3
— max. — 14
96




Phenol .3 km from
Algoma Steel — 24
96















































































































































































































































































































































































































































































ORGANICS IN SAGINAw BAY — 1974 (24)
      
PARAMETER CONCENTRATIONS IN n /2 PROPOSED AGREEMENT
SAGINAW RIVER INNER BAY OUTER BAY OBJECTIVES
Arochlor 1242 70 10 Not Found —
Arochlor 1254 10 3 Not Found —
Arochlor 1260 <10 <10 <10 -
Total PCB 80—90 13—23 0—10 18
. . b
Dieldrin 0.8 0.5 0.6 1
, c
pp DDT <1 <1 <1 3
c
DDE <1 <1 <1 3
c
DDD' <1 <1 <1 3
Di(2—ethylhexyl)—
phthalate 600
4 samples in bay ranged from <1000 to 1400; mean = 1300
l
a. This level may not be adequate to provide protection to certain predators,
and could presently not be enforced because of insufficiently sensitive
quantification limits.
b. Objective is for aldrin plus dieldrin.


























































































































































































































































































































































































































































































































ORGANICS IN EXCESS 0F ABOVE
 
SAMPLING SAMPLING- DETECTION LIMITS, CONCENTRA—
DATES SITE TIONS, AND DATES NOTED
1973-75
. . o,p-DDT - 0.01 Ug/L (08/74)
Pine River
St. Ignace TWP p,p—DDT - 0.024 ug/L (08/74)
1974—75 Pinnebog River none
Hume TWP
1973-75 Rifle River DEHP - 11 ug/L (08/74)
Arenac TWP PCBs — 0.7 Ug/L (08/74)
1973—77 Saginaw River, DEHP — 18 ug/L (08/74)
Bangor TWP — 1.2 Hg/L (08/74)
PCBS — 0.16 ug/L (08/74)
Aroclor 1260 — 0.2 ug/L (05/76)
1973 Saginaw River none
Saginaw TWP
1974—76 St. Mary's River DEHP — 2.1 ug/L (01/76)
Saulte St. Marie
1973—76 Thunder Bay River Aldrin — 0.01 ug/L (08/74)
Alpena DBP - 2.0 ug/L (12/73)
— 0.7 ug/L (08/74)
DEHP — 2.3 ug/L (07/76)
1973-76 Van Etten Creek P,p"DDT — 0.015 Ug/L (08/74)
Oscoda TWP DBP — 0.17 ug/L (08/74)
PCBs — 0.4 ug/L (08/74)
a) Michigan Department of Natural Resources
TABLE 3.1—9
PBB LEVELS OBSERVED IN THE PINE RIVER, MICHIGAN (165)
STATION PBB CONCENTRATION uG/L
5 m from outfall
Chemical Corp.
 
1.5 miles upstream from
Michigan Chemical
St. Louis Reservoir ~
St. Louis Reservoir —
50 m east of Michigan






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































HEAN LEVELS OF TRACE METALS
IN THE
SEDIMENTS OF LAKE HURON
















































































































































































































































































N LEVELS OF TRACE
METALS IN THE SED
IMENTs
OF GEORGIAN BAY AND NORTH CHANNEL
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a. Information from Reference (25).
170
 TABLE 3.2—5
ESTIMATED LOADINGS OF ELEMENTS T0 THE
SEDIMENTS OF LAKE HURONa
      
LOADING IN TONNES PER YEARb
ELEMENT
AnthropogenicC Natural Total
Hg 0.34 0.42 0.76
Pb 400 120 520
Zn 520 275 795
Cd 3 5 8
Cu 125 110 235
Organic 0 33,900 126,700 160,600 1
N 5,180 16,200 21,380
P 1,460 3,290 4,750
a. Information from Reference (25)-
b. Values calculated based on the results of three cores.
c. Anthropogenic refers to that fraction derived from man's activities
as distinct from natural (background) sources.
   
     













































































LEAD IN GREAT LAKES SEDIMENTS - LAKE HURON
(Ref. 28)
LAKE HURON N PéM p33 TONNES EESDI¥SSNES PB
PER YR.xlO6 PER YEAR
Total Lake 177 49 34 — —
Non Depositional Zone 97 35 28 - —
Total Basin 80 66 35 — 690
Mackinac 11 67 41 — —
Manitoulin 42 70 41 — —
Alpena 2 59 7 _ _
Saginaw 4 87 19 — —
Goderich 16 58 12 — —












GEORGIAN BAY N PPM PPM
Total Lake 116 43 29
Non Depositional Zone 76 34 23
Total Basins 40 67 27
Nottawasaga 14 69 26
Owen Sound 6 57 31
.Lion's 2 100 14
Cabot 4 86 27
Flowerpot 7 51 24
French River 3 66 27
Parry Sound 1 61 —



















































































































































'moderately polluted" dredge spoil. "Heavily polluted" spoil is in excess of
these values.
 
   
TABLE
3.2—9
LAKE HURON HARBOR SEDIMENTS ‘ METAL ANALYSES
NUMBER
C O N C E N T R A T I 0 N —










































































































































As 0.4 1.8 0.9 1,000—2,000
Ni 2 7 5.5 420-650
Se 0.1 0.4 0.2 40,000-80,000
aValues given are for "moderately polluted" dredge spoil.
"Heavily polluted" spoil is in excess of these values.
bHeavily polluted.











ORGANIC CONTAMINANTS QUANTIFIED 1N
LAKE HURON BASIN SEDIMENTS
SAMPLE SITES CONTAMINANTS AND QUANTITIES (pg/kg)
 
Open lake and PCBS: Trace a 20
nearshore areas Dieldrin: N. D. — trace
18 sites p,p—DDE: N. D. — 10
p,p—TDE: N. D. — 9
p,p—DDT: N. D. — 12
o,p-DDT: N. D. — 1
Z DDT: N. D. - 22
Pesticides — PCBs:below
detection limit
Dibutyl phthalate — 290 ug/kg
at Saginaw River mouth
Dibutyl phthalate — <200 ug/kg
at outer bay
Saginaw Bay
Saginaw Bay—River PCBs — <O.1 — 22.9 mg/kg
(vicinity of Saginaw
sewage treatment plant)
PCBs — 11.8 mg/kg (downstream
of Bay City STP)
Phenols — 13 mg/kg
5 km from Algoma Steel
St. Mary's River
Nearshore areas PCB, DDE, Dieldrin, DDD, p,p—DDT,
o,p-DDT
(See Table 3.2—12)
1/4 mile upstream PBB <1OO
from Michigan
Chemical Corp.
St. Louis Reservoir PBB - 4800
(downstream from Michigan
Chemical Corp.
29 miles from reservoir PBB — 100
1/4 mile upstream from PBB — 350
Michigan Chemical Corp.
St. Louis Reservoir PBB'-7100





























CONCENTRATIONS OF PCB’S AND PESTICIDES IN THE NEARSHORE
SURFICIAL SEDIMENTS OF LAKE HURON






























































































































































   
 3.3 DATA ON AIR QUALITY AND PRECIPITATION
Atmospheric loadings to Lake Huron were calculated by Acres
Consulting Services Ltd. and Applied Earth Science
Consultants Inc. (101), and reported in the ULRG report (96)
(Table 3.3—1). Twenty—two U.S. source regions and eleven
Canadian source regions were considered to contribute to the
loadings to Lake Huron, and the estimated contributions from
each source are outlined in Table 3.3—2 (96). The Reference
Group did not calculate the relative significance of
atmospheric sources within material balances for substances
such as mercury or PCBs because the "input sources sampled
were below the detection limit for these materials.”
Thirteen samples of rain over Lake Huron and Georgian Bay (46),
indicated PCB and pesticide concentrations in nanogram per
liter quantities, which are shown in Table 3.3—3.
Murphy in 1978, reported an average of l9 ng/l of PCBs in
rain over Saginaw Bay, of which 70% was "dissolved" and 30%
was "filterable 0r particulate". The calculated input of
PCBS in kg/km /yr was 0.014 (102).
Two PLUARG studies (170, 172) determined the levels of several
pesticides, heavy metals and PCBs in rainwater collected in
the Au Sable River Basin. The results are shown in Tables
1.3—3 to 1.3—5, under the designation of AG—3. The tables
are found within the chapter on Lake Erie.




PERCENT OF LOADINGS TO LAKE HURON BY AIR POLLUTION SOURCE REGIONa
Air Pollution Source Regionb















































































































































































































































































































United States Environmental Protection Agency and Ontario Ministry of the
Environment air pollution source regions.


































































































































































































ANALYSES OF 13 SAMPLES OF RAIN FROM
LAKE HURON ~ GEORGIAN BAY
(Ref. 1+6)
 

























































































































































































































































































































*ug/g of particulate matter
3.
4
DATA ON MUNICIPAL AND INDUSTRIAL DISCHARGES AND SLUDGES
Table 3.4—1 shows the results of a 1973 survey by U.S. EPA Region
V (103) to determine the concentrations of organic contaminants in
Lake Huron Basin municipal influents, effluents and sludges.
0f
the compounds detected, phthalate esters and the Aroclor compounds
are found in the highest concentrations.
The Upper Lakes Reference Group in its Lake Huron Report (96),
identified the significant industrial and municipal sources to the
Lake Huron Basin. For example. the significant sources in Saginaw
Bay are identified in pages 217—218 of the ULRG report.
Also, there
are considerable discussions within the report on the discharges
from Algoma Steel to the St. Mary's River.
For example, during 1974,
the Reference Group estimated the quantities of discharges from
Algoma Steel to be:
200 kg/d phenols; ll,000 kg/d ammonia; 2,280 kg/d
cyanide.
High levels of zinc and iron were also observed.
The
effects of these discharges are discussed in detail
in pages 275—281




MUNICIPAL PLANT LEVELS AND CONCENTRATIONS
Owosso, MI (continued) Di—Z-ethyl phthalate: Sludge, 480—620 ppm
Chlordane: Influent, 0.04 ppb
Effluent, 0.12 ppb
a) Source: U.S. EPA — Region V
188
 3.




















Lake Huron during 1974.








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Yellow Perch (R) (3)
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SUMMARY OF GLECS LAKE HURON FISH





























































































































































































































































































































































































































































































Cerium (Ce) a a




Cesium (Cs) 3 a
















Rhodium (Rh) a a
Molybdenum (M0) 0.030 a
Zirconium (Zr) a a
Strontium (Sr) 3.2 3.8
Rubidium (Rb) 2.4 2.2
Bromine (Br) 8.5 5.3


















     
Cobalt (Co) 0.24 1.0
Iron (Fe) 22 11
Manganese (Mn) 1.7 2.4
Chromium (Cr) 0.68 1.8
Vanadium (V) 0.075 0.26
Titanium (Ti) 0.13 0.16
Scandium (Sc) 0.075 0.44
Aluminum (A1) a a
Fluorine (F) 0.83 0.27
Calcium (Ca) >54 >27
Potassium (K) >13 >6
Chlorine (Cl) >50 >20
Sulphur (S) >22 >60
Phosphorus (P) >26 >15
Magnesium (Mg) >22 >9
Sodium (Na) >25 >14
a. Not detected




















IN FISH COLLECTED FROM NEARSHORE LAKE HURON WATERS,
TRACE CONTAMINANTs
1974 AND 1975



















































































Chinook 0.97 2.31 0.05 0.22
Perch 0.03 b (0.01 0.15 0.37 4.69 0.18 0.03











Tawas City 1974 Whitefish 0.12 0.22 0.03 0.03
1975 Perch 07 0.20 b 0.27 0.27 7.64 0.38 0.03
Harbor Beach Perch 0.13 0.30 b 0.34 0.31 7.70 0.40 0.03
Lexington Perch 0.05 0.13 b 0.33 0.24 7.12 0.32 0.03
ONTARIO
Detection Limit 0.001 0.001 0.001 0.01 0.01 0.01 0.5 0.2
Goderich Perch 0.017 0.089 0.002 0.22 0.41 6.50 <0.5 <0.2
Rainbow Trout 0.485 1.943 0.045 0.18 0.68 4.92 <0.5 <0.2
White Sucker 0.261 0.606 0.034 0.14 0.75 6.57 <0.5 <0.2
Douglas Point Rainbow Trout 0.549 2.179 0.035 0.16 0.75 4.85 <0.5 <0.2
White Sucker 0.112 0.356 0.009 0.23 0.64 6.32 <0.5 <0.2
Northern Pike 0.148 0.515 0.004 0.40 0.39 5.84 <0.5 <0.2
Owen Sound Perch 0.037 0.189 0.003 0.29 0.59 7.53 <0.5 <0.2
Rainbow Trout 0.338 1.073 0.036 0.19 0.65 6.42 <0.5 <0.2
White Sucker 0.325 0.693 0.031 0.11 0.61 6.65 <0.5 <0.2
Thornbury Perch 0.017 0.093 0.002 0.22 0.45 6.90 <0.5 <0.2
Rainbow Trout 0.376 0.910 0.030 0.20 0.57 6.43 <0.5 <0.2
White Sucker 0.323 0.562 0.023 0.10 0.62 7.70 <0.5 <0.2
Nottawasaga Perch 0.040 0.183 0.003 0.32 0.64 4.30 <0.5 <0.2
Rainbow Trout 0.415 1.207 0.034 0.18 0.53 5.09 <0.5 <0.2
Walleye 0.351 0.827 0.010 0.57 0.37 4.30 <0.5 <0.2
White Sucker 0.723 1.153 0.051 0.16 0.74 6.27 <0.5 <0.2
Penetang-Midland Perch 0.024 0.115 0.002 0.27 0.60 7.15 <0.5 <0.2
Walleye 0.114 0.258 0.004 0.46 0.46 4.43 <0.5 <0.2
Rock Bass 0.011 0.074 0.002 0.17 0.55 7.43 <0.5 <0.2
Spanish River Perch 0.007 0.046 ~<0.001 0.27 0.60 6.23 <0.5 <0.2
White Sucker 0.037 0.131 0.003 0.06 0.57 6.70 <0.5 <0.2
Northern Pike 0.024 0.114 <0.001 0.25 0.46 5.20 <0.5 <0.2
Serpent River Perch 0.027 0.149 0.002 0.31 0.54 7.26 <0.5 <0.2
White Sucker 0.043 0.125 0.004 0.04 0.66 5.78 <0.5 <0.2
Northern Pike 0.085 0.266 0.001 0.40 0.49 6.45 <0.5 <0.2
Lake George Perch 0.003 0.068 0.001 0.23 0.55 5.73 <0.5 <0.2
White Sucker 0.073 0.194 0.004 0.13 0.64 5.55 <0.5 <0.2






MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS
(UG/G) AND FAT (Z) IN BURBOT (WHOLE FISH)
































































































































































































































































































































































The number in parentheses is the standard error of the mean.
b.
No burbot were collected at Duck Island, Harbor Beach, and Alpena.
c. Number of individual fish.
d. Number of composites analyzed.




























its of Lake av
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\ op' DDT 0.16 (0.02) 0.16 (0.01) 0.33 (0.07) 0.40 (0.04) 0.34 (0.04) 0.28
op' DDE 0.06 (0.007) 0.03 (0.004) 0.28 (0.04) 0.08 (0.01) 0.07 (0.01) 0.10
pp' DDT 0.42 (0.07) 0.76 (0.06) 0.86 (0.22) 1.60 (0.18) 1.18 (0.02) 0.96
pp' DDE 0.70 (0.07) 1.11 (0.12) 1.02 (0.17) 2.05 (0.25) 1.69 (0.26) 1.31
pp' DDD 0.12 (0.01) 0.11 (0.02) 0.26 (0.03) 0.24 (0.02) 0.24 (0.05) 0.19
Dieldrin 0.18 (0.01) 0.08 (0.008) 0.38 (0.04) 0.20 (0.02) 0.29 (0.04) 0.28
Lindane 0.03 (0.003) 0.04 (0.01) 0.04
Chlordane 0.49 (0.05) , 0.30 (0.04) 0.40
Methoxychlor <0.05 <0.05
Mercury '0.05 (0.003) 0.17 (0.008) 0.08 (0.003) 0.10 (0.004) 0.11 (0.005) 0.10
I Arsenic 1.72 (0.07) 2.26 (0.13) 1.99




Copper 0.69 (0.03) 0.79 (0.03) 0.74
Lead . 0.06 (0.003) 0.10 (0.01) 0.08







      
a. The number in parentheses is the standard error of the mean.
b. No bloater chubs were collected at Harbor Beach.
c. Number of in
dividual fish.
d. Number of composites analyzed.





(UG/G) AND FAT (%) IN SLIMY SCULPINS (WHOLE FISH)
FROM THE OPEN WATERS OF LAKE HURONa’b














































































































































































































































































































































































a. The number in parentheses is the standard error of the mean.
b. No slimy sculpins were collected at Goderich.
c. Number of individual fish.
d. Number of composites analyzed.



























































































ORGANIC COMPOUNDS (NONIONIC) DETECTED (+) AND NOT DETECTED (-)
BY COMBINED GAS CHROMATOGRAPHY - MASS SPECTROMETRY IN WHOLE—
FISH SAMPLES OF BURBOT FROM OPEN WATERS OF LAKE HURON
    




Biphenyl 0.01-O.l — +
Naphthalene and methyl naphthalenes O Ol_0 5 + +
Phenanthrene and methyl phenanthrenes ' ' + +
Diethyl phthalate + +
Dibutyl phthalate 0.0l—O.l + +
Di—2—ethyl hexylphthalate + +
Trichlorobenzene + +
Tetrachlorobenzene - +
Pentachlorobenzene O°Ol_0’5 - +
-Hexachlorobenzene + +
Chlorobiphenyl (tri- through octachloro PCB's) + +
Octachlorostyrene 0.00l-0.0l - +
l,2,3,4,5,6—Hexachlorocyclohexane
(alpha isomer) <O.l — -
(gamma isomer) <O.l — —
Heptachlor epoxide 0.1-1.0 + —
Chlordane (cis- and trans—) 0.1—1.0 + +
Nonachlor (cisv and trans—) 0.1—1.0 + +
Oxychlordane 0.01—O.l + —
Dieldrin <O.l — -
pp' DDT 1-10 + +
op' DDE 0 1—1.0 + -
pp' DDE 1-10 + +
pp' DDD 0.1—1.0 + +
pp' DDMu <0.0l - -
Toxaphene components (C10H8C17,8,trans—) 0.1—1.0 + -




ADDITIONAL DATA ON ORGANIC CONTAMINANTS IN
LAKE HURON BASIN FISH TISSUE
  













1973 — Hammond Bay Chinook TFM (none detected) 106
Salmon







1976 — Georgian Bay Rainbow Mirex (not detected) 107
Nottawasaga Trout
River
1976 — Saugeen River Rainbow PCB - 1.50 ppm 107
Trout (0.25—4.10 ppm)
1976 — Saugeen River Chinook PCB - 2.8 ppm 107
Salmon (0.6-4.8 ppm)
1978 — Saginaw and ? PCB — 2.1 ppm 162
Tittabawasse PBB — 2.8 ppm
Rivers TCDD — 0.01—.02 ppb
‘ TABLE 3.6—11
PBB IN PINE RIVER FISH, 1974 AND 1976
a
PBB concn. mg/kg
Alma St. Louis Bagley Nagruddeg Prairie b
Year Species Reservoir Reservoir(o) Road(6) Road(12) Road(29)
(Above Mich. ‘
Chemical Corp.)
1974 Carp ND ND 0.87 0.19 0.26
1.33 1.26 0.09
0.85
White Sucker ND 0.67
Northern Pike ND 0.54
Bullhead ND 0.45 0.78
1976 Carp ND 0.75 0.40 0.22 0.06
0.68 0.10
Northern pike ND 0.18 0.23
Largemouth bass ND 0.74 0.19 ND
Smallmouth bass 0.13
Rockbass O 70 0.50 0.32
(a) Wet weight, skinless fillets, composite samples.
(b)
(c) None detected




































































































































































































































































































   
3.7 DATA ON WILDLIFE
Table 3.7-1 illustrates the concentrations of PBB found in ducks
from the Pine River.
Table 3.7—2 shows the contaminant levels
found in Lake Huron herring gull eggs (74).
In 1977, investigators
found that PCB residues increased from 1975 levels and there have








DOWNSTREAM FROM ST. LOUIS
PPB in Breast Tissue








































1977 1 ND ND














































































































































































































 @lﬂlﬂ SIII'HIIIIII BASIN
As in the case of Lake Huron water quality data, extensive data on Lake
Superior was compiled by the Upper Lakes Reference Group (ULRG) and
subsequently reported to the International Joint Commission in July 1977
(109). Most of the data reported in this chapter was obtained from the
ULRG report, as well as data submitted by various government agencies,
and recent reports of several research investigators.
4.1 DATA ON WATER QUALITY
Heavy Metals
Since 1970, several lake—wide chemical monitoring cruises on Lake
Superior have occurred, resulting in assessments of concentrations
of major ions, nutrients, trace metals and organic contaminants.
The concentrations of heavy metals determined during these cruises
and during several nearshore studies are shown in Table 4.1—1. In
1970-71, Chan and Saitoh (4)'determined the distributions of total
mercury in the surface and bottom waters of Lake Superior, which are
shown in Figures 4.1—1 and 4.1—2. The results of four separate
cruises from 1970—76, are shown in Table 4.1—2 (109). Histograms of
trace metal concentrations determined in the open waters during 1973
are noted in Figure 4.1—3. Analyses for trace metals in waters of
Lake Superior nearshore areas are shown in Tables 4.1—1 and 4.1—3
(98, 109, 110).
The waters of 16 tributaries to Lake Superior were studied during
1971—72 by Wagner and Lemire (Ill). The result of their analyses for
filterable metals in waters are shown in Table 4.1—4. Total loadings
of metals to Lake Superior via tributaries, as calculated by the ULRG,
are given in Table 4.1—5. Additional tributary data was obtained
from STORET data system (110).
The Upper Lakes Reference Group, on the basis of its data on metal
levels in Lake Superior waters, reported that "cadmium, chromium and
cobalt are rarely present above the detection limit of 0.2 Ug/L."
Other elements such as copper, nickel, zinc and lead are uniformly
low. With regard to copper, "in the nearshore areas, elevated mean
concentrations of copper were found in unfiltered water samples from
the Upper or Lower Portage Entries (7.0 and 4.2 ug/L respectively)."










































































































































































































































































































































































































































































































































































































































































































































































































































































 MERCURY IN THE INTERNATIONAL GREAT LAKES
 
F'G- 4~1'1 The average distribution 01' total mercury in the surface waters of Lake Superior (1970-





HQ 4-1-2 The average distribution of total mercury in the bottom waters of Lake Superior (1970-





















































































































































a. Spaces left blank indicate no analyses were done. The dash (—) indicates
below detection limit. Concentrations in ug/l. All samples filtered except
for Hg.
 














































































































HEAVY METALS IN LAKE SUPERIOR WATERS
[ SAMPLE cONCENTRATION IN uglid
‘ ‘ LocATION TYPB‘ nbvc As Cd Cr Cu Fe e Mn N1 Pb §g___
* BLACK RIVER UF ~1 0.9 0.09 0.5 1.7 19 <0.02 0.6 <0.8 0.5 <2.3
1 F 1 0.9 f <0.4 0 8 0.8 0.3 <0 8 <0.2 f
ONTONAGON UF 1 0.9 0.15 0.4 1.5 30 <0.02 0.6 <0.8 0.4 <1.6
F 1 0.6 f <0 3 1.0 2 0 f <0 8 <0.2 f
u. PORTAGE ENTRY u? 1 0.8 0.04 <0.3 1.3 43 <0.02 0.6 <0.9 0.2 <1.7
F 1 0.7 <0.03 <0.3 9 0.6 o 3 <0.8 <0.2 f
1 'ﬂ L. PORTAGE ENTRY UF 1 0.8 0.11 0.3 1.9 8.9 <0.02 0.6 <0.8 0.3 4.4
31 F 1 0 7 0.11 <0.03 0.8 <1.4 f <0.8 <0.2 f
L
1
i EAGLE uARDOR 02 2 0.3 0.2 <2.0





g 0.7 0.04 <0.3 0.7 <0.5 0.2 <0.8 <0.2 1.3
l l 810 EAY UF 2 <2.7
»f 0.9 0.16 1.0 2.0 10.0 <0.02 0.5 <0.8 0.4 2.6
. L F 2 L6 OJ
1.1 0.09 0.3 1.2 <0.5 <0.1 <0.8 <0.2 f
Lu.
‘5;. HARQUETTB EAREOR UF 2 0.08 0.4 <2.5








51 1.2 <0.03 <0.3 <1.0 <0.5 0.1 <0.8 <0.2 f
‘3, CARP RIVER UF 1 0.7 0.06 <0.3 1.3 6.0 <0.02 0.6 <0.8 0.4 <1.0
" P 1 0.7 f <0.3 1 1.2 0.5 <0.8 <0 2 f
PRESQUE ISLE ’ UF 1 0.7 0.05 <0.3 0.9 7 0 <0.02 0.3 <0.8 <0.3 <1.1







8.6 <0.02 0.7 <0.0
0.4 <2.1
F 1 0.7 <0.03 <0.4 0 6 1.7 f <0.8 <0.2 <1.0
cmmnnumm UP 2 04 ' Ll
0.8(8) 0.27(8) <0.3(8) 1.9(8) 5.2(8) <0.03 0.4(8) <0.8(9) <0.6(8) <2.7(8)
F 2 <0.4 <1.6 <1.7 0.4 <4.0




1.0(5) 10.3(5) <0.04 0.5(5) <0.9(5) 0.4(5) 2.4(5)
F . 1 0.7(2) 0.03(2) <0.3(2) <1.6(2) 1.5(2) f <0.8(2) <0.2(2) 0.7(2)
CASCADE RIVER UF+F 20 7.7 0.05 4.6 0.22 2.0 5.5 0.4










<1.0 <0.01 <0.2 1.7 91 <0.10 4.0 <1.0(21) <0.1 6.6
DULUTH UF+F 24 3.1 0.22 4.0 0.15 6.3 4.5
<1.0(23) <0.01 <0.3 1.5(23) 127 <0.10 4.6(23) <1.0 <0.1 10.1
MINNESOTA POINT UT 2 f 2 10 15 420 0.3 £ 10 10 280
MIDDLE RIVER UP 2 f 2 30 10 500 0.3 f 10 10 20
ASELAND OF 2 f 2 1o 6 240 0.3 f 10 1o 10
SAxON EAREOR UF 2 f 2 20 7 120 = 0.3 f 10 10 10
              
5. UP: unfiltered; F: filtered (0.1 pm mbrane); UF+F: mean includes both sample types.
13. For Michigan data, each UF sample (n) represents a composite of three individual samples.
c. If the nunber of sample is different from n shown, the total number of individual samples is shown in brackets after the individual
result for the parameter.
d. If two values are shown, a mean could not be obtained and the range is shown.
_ e. Michigan Data-mercury analysis was carried out on a single unfiltered sample for each location.
,1?





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Wisc. 1974—5 0.002 0.005 16 '

























* Values refer to the sums of the means and of the maxima for the substances and its
degradation products.
+ Parenthesis values refer to 1242 + 1254 reported as well.















































































































































































































Little Two Harbors Region «0.3—1 5 0.2—1.5 <0.03
lllgen City Region 0.3—1 2 0.3-1 7 <0.03




















Little TWo Harbors Region <0.4-l.2 0.1—0 7 <0.03
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Dissolved organic compounds and concentrations in ug/L found off Vert Island
at l m (Nipigon Bay background profile for dissolved organic compounds) and



















































































































































































































































































































































































































































































 4.2 DATA ON SEDIMENT QUALITY
Eeayy Metals
Data on heavy metal concentrations in Lake Superior sediments are
summarized in Table 4.2—1.
 
In 1971, Smith and Moore (118) evaluated the distribution of trace
f
metals in surficial sediments around Keweenaw Point which is the
'
location of considerable past mining activities, particularly in the
1860's. The distributions of zinc and copper in the area are shown in
Figures 4.2—1 and 4.2-2. In 1972. Fitchko and Hutchinson (32) evalu—
ated the sediment quality at the mouths of 24 tributaries to Lake
Superior. The results are shown in Table 4.2—2.
, Subsequently. as part of the Upper Lakes Reference Group study,
Kinkead and Chatterjee (119) evaluated the distribution of heavy
metals in the surficial sediments within the Canadian nearshore zone
of Lake Superior. Some data from the study are shown in Figures 4.2—3
to 4.2—5. In 1977, the ULRG (109) summarized the results of many Lake
Superior sediment studies, and these are shown in Tables 4.2—3 and
4.2-4 and Figure 4.2—6. The results of the PLUARG studies (28)
indicated a (total lake) average of 49 ppm lead within the sediments
of Lake Superior (Table 4.2—5 and Figure 1.2—8 and 1.2-9).
Extensive discussions on the Lake Superior sediment characteristics
are found within the ULRG report (109). In part, the Reference Group
has stated that "trace metals are generally low, exclusive of Thunder
Bay, though there is evidence that Hg and Pb, and possibly Cu, are
being elevated by man's activities. There is further evidence that
relatively high levels (when compared to Lake Huron) of Cu, Zn and Ni
occur in sediments of Lake Superior, due to regional mineralization
occuring in the bedrock of the area.”
Organic Contaminants
The results of several studies to evaluate the levels of organic
contaminants in Lake Superior sediments are shown in Table 4.2-6.
Kinkead and Chatterjee (119) generally found low levels of DDE, DDD,
DDT, PCBs and diethyl hexyl phthalates. However, a concentration of
250 ug/kg PCBs was found in the vicinity of Marathon. The investiga-
tion could not detect lindane, heptachlor, aldrin, heptachlor epoxide,
thiodan, dieldrin or endrin. Glooschenko, Strachan and Sampson (12)
indicated that most organochlorine compounds and all organophosphorus
compounds were below detection levels. However, two high levels of
PCBs were found - 1.3 ppm near Marathon, Ontario and 90 ppb at one
station located at the middle of the lake.


































































Table 4.2—7 summarizes the organic contaminants found in Lake Superior
sediments during the ULRG study.
The Reference Group also noted that
samples from Munising Bay, Michigan had elevated levels of diethyl
































































































Nearshore — Canadian side 67
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LAKE SUPERIOR COPPER PROJECT
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Fig.4.2-l Dispersion of copper (total) around Keweenaw Point (1 statute mi = 1.609 km).
LAKE SUPERIOR COPPER PROJECT
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Heavy metals distribution in the surficial sediments occurring within the nearshore zone of Lake Superior by sampling locations (Ni, Fe, Cr,
Cu).
HEAVY MEY‘L CONCENYRAYIONS IN SEDIMENYS FROM
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wHITEFISE POINT 2 10513.5 4,011.4 6,814.5 5.011.4 033+0.13
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LEAD IN GREAT LAKES SEDIMENTS — LAKE SUPERIOR
 
LAKE SUPERIOR N i SD LOADINGS
PPM PPM TONNES SE 6 TONNES PB












Non Depositional Zone 188 26 18 — —
Total Basin 216 60 23 - 1,420
Duluth 27 62 20 — ' —
Chefswet 27 53 16 — -
Apostle 13 56 15 - —
Isle Royale 50 65 17 — —
Thunder Bay TrOugh 17 68 16 — —
Thunder Bay 5 48 21 — -
Caribou 49 59 29
Marathon 6 6O 20 — —
Keweenaw 4 72 10


































































































PCBs (N.D. to 250)“)
119
28 sites DDE (N.D. to 7.1)
DDD (N.D. to 2.7)
DDT (N.D. to 2.7)
Diethylhexyl phthalate (O—l.5)
1973 Open lake and 5 PCBs, DDE, DDD, DDT
nearshore areas (See Table 4.2—7) 109
1974 Open lake and PCBs (Trace — 9O)(C)
nearshore areas Dieldrin (N.D. to 7)
. (b) p,p—DDE (N.D. to 7)
15 Sltes p,p-TDE (N.D. to 5) l2
p,p—DDT (N.D. to 7)
o,p—DDT (N.D.)
DDT (N.D. to 12)
1974 Red Rock, Ontario 1.0 km from source
(Pulp and paper — palmitic acid — 100 ppm
effluent study)
- dehydroabietic acid — 150 ppm
120
3.0 km from source
— palmitic acid — 1 ppm
— dehydroabietic acid — 2 ppm






















































































































































































































b. No detectable concentration
a. If mean and standard deviation are not shown,




Data on Air Quality and Precipitation
Table 4.3—1 shows the results of studies to evaluate organic con-
taminant levels in rain and snow in the Lake Superior Basin
(46,112). PCB levels in snow samples from Siskiwit Lake in
Isle Royale were found to be nearly five times greater than
precipitation samples from the Duluth/Superior metropolitan area
(112). Because precipitation to the Lake Superior surface
accounts for 59% of the lake's water supply, the above studies
may indicate the significance of atmospheric inputs as sources
of organic contaminants to Lake Superior.
Estimates for yearly deposition of heavy metals to Lake Superior
were made by Acres Consulting Services and Applied Earth
Science Consultants (101). Figures 4.3—1 and 4.3-2 show the
estimated loading contours for cadmium and lead. The
quantitative yearly atmospheric loading estimates to Lake
Superior, as calculated by the Upper Lakes Reference Group (109)
are shown in Table 4.3—2. The estimated percent contributions
by various air pollution source regions are given in Table 4.3—3.
As in the case of Lake Huron, the ULRG could not calculate the
atmospheric input relative to other sources for toxicants such
as mercury, DDT and PCB's, because "most of the input sources
sampled were below the detection limit for these materials.”
Nonetheless, the Reference Group noted that "the present findings
indicate significant loadings of many parameters due to long
range transport." For example, atmospheric loadings of lead and
copper were estimated to be 30—40% of the total input.
235
   
TABLE
[4.3-1
ANALYSES OF THE ATMOSPHERE AND PRECIPITATION



































































1976—77 Lindane - 4.9ppt
a BHC — 4.6ppt
Z DDT—Residues — 0.8ppt
a Endosulfan — 0.2ppt













































UNITS ng /cmz / on ’) t 2 290
~02- LOADING CONTOURS
STATIONS USED TO DETERMINE comouns
SlALE In 1 3 'PE’
PRECIPITATION CHEMISTRY
CADMIUM LOADING FIGURE 4.3—1











































































ATMOSPHERIC LOADINGS T0 LAKE SUPERIOR
(Ref. 109)
  
Loadings, In Tonnes Per Yeara
Parameter East West Total
Nitrogen (NO3 + NH3 as N) 38,000 18,000 56,000
Total Phosphorus 344 456 800
Total Dissolved Solidsb 68,000 52,000 120,000
Chloride 36,000 19,000 55,000
Reactive Silicate (88 5102) 15,000 11,000 26,000
Calcium 15,000 18,000 33,000
Sodium 5,000 10,000 15,000
Magnesium 3,800 1,800 5,600
Potassium 5,000 8,000 13,000
Iron 7,600 2,100 9,700
Lead 360 290 650
Copper 230 140 370
Nickel 67 53 120
Cadmium 43 12 55
Particulate Solids 25,000 16,000 . 41,000
   
a. All parameters were determined from actual measurements except for particulate
solids values which were calculated from mathematical model results.
































































































































































































































































































































































































































































































































c. Cd, Cu, Fe, Ni, Pb
240
4.4
Data on Municipal and Industrial Discharges and Sludges
In June 1977, a special issue of the Journal of the Fisheries
Research Board of Canada was published with the title "Pulp
and Paper Mill Effluents in a Freshwater Environment."
The publication contains the results of a series of studies
on pulp and paper mill effluents in Nipigon Bay, Lake Superior,
within the following categories:
i) Effluent dispersion and plume processes
ii) Ecosystem response and features not necessarily
confined to discrete plumes
Testing of effluent effects upon biota
Plume oriented biological studies.
iii)
iv)
Examples of results of effluent analyses reported in the special
issue are shown in Table 4.4-1 (116) and Table 4.4—2 (121).
The results of two other effluent scans from wood processing
industrial effluents are shown in Table 4.4—3(122). The products
of Conwed Corporation are mineral board, tuflex blanket and
bulk fibre (wood), and Potlach Forests is a paper manufacturer
which utilizes the Kraft pulping process.
Analysis for heavy metals in three discharges to the St. Louis
River are shown in Table 4.4—4 (123).
The ULRG identified the major municipal and industrial direct ‘
dischargers in its report to the Commission. Estimates from
the Reference Group report on loadings by the municipal and
direct dischargers are shown in Table 4.4—5. The Reference
Group reported that the "largest industrial inputs to Lake
Superior are the pulp and paper mills on the Canadian side and
Reserve Mining Company on the U.S. side. Large municipal
inputs are the Thunder Bay area in Ontario and the Duluth-
Superior area in Minnesota and Wisconsin." "In general, the
municipal and industrial loading point sources make up a




Dissolved organic compounds identified in the Red Rock Mill effluent and
Major components >100 ug/L, minor components <lOO ug/L
effluent plume.
TABLE 4.4—1
in effluent. (Ref. 116)
Major Minor Detected in Detected in
Compound component component effluent effluentplume
B—pinene + + —
Camphene + + —
Guaiacol + + +














































































Palmitic acid + + +
Heptadecanoic acid + + —

























































































































Structural assignment based on
to published spectrum of 3,4,5—
(C)For methyl and ethyl palmitate
243
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4.5 DATA ON BENTHOS AND PLANKTON
PCBs were quantified in 7 of 15 samples of seston from Lake
Superior by Glooschenko and Strachan in 1974 (12). The
concentrations of the 7 samples varied from 0.5 to 1.3 ppm.
Three samples had non—detectable levels and the other five
had trace quantities. Seston from the mouths of Black and
Thunder Bays near Marathon, Ontario contained from 1.1 to
1.3 ppm PCBs. Trace quantities of dieldrin were found in
most samples and 12 of 15 samples contained non—detectable
quantities of p,p'—DDE. Veith's data (115) shown in Table
4.1-9 indicates from 0.05 — 0.12 ppm PCBs and 0.04 —
0.05 ppm DDT in Lake Superior zooplankton during 1973—74.
Brownlee and Strachan (121) collected seston from Nipigon
Bay at distances up to 6.8 km from the discharge of a Kraft
pulp and paper mill. Palmitic acid was detected at
concentrations between 150 to 2000 ug/gm dry weight of
seston, with no decreasing trend observed at 5.7 km from
the source. Dehydroabietic acid varied from 7 to 60
pg/gm, and only trace quantities of dioctyl phthalate
were observed.
247













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Wisconsin Department of Natural Resources (125). 1974 data on these
and other metals are shown in Table 4.6—10 (126). A summary of other
mercury determinations in fish tissues during 1967—68 and 1976 is
contained in Table 4.6-11 (56 and 107).
Organic Compounds
As with heavy metals, the most comprehensive organic analysis of fish
was that conducted in support of the Upper Lakes Reference Study
(Tables 4.6-1 to 4.6—7). Further data on organic compounds in fish
fillets from 1974—1976 can be found in Tables 4.6—10, 4.6—12, 4.6—13.
Whole fish data obtained during 1974 is shown in Table 4.6—14.
The ULRG studies indicated significant increases in the levels of
organic residues in Lake Superior fish near Isle Royale which is a
remote island maintained as a National Park. No power generation
facilities, mining or timber cutting have ever been permitted. Nor
are internal combustion engines allowed. Swain (112) therefore
undertook a comprehensive study to determine the possibility of
atmospheric precipitation as a source of organic contamination of fish
tissue obtained from the Isle Royale area. Subsequently fish from the
Lake Superior waters and from the Siskiwit Lake which is located
within Isle Royale, were analyzed for approximately 14 organic com—
pounds. The results which are shown in Table 4.6—15 indicate that
generally Siskiwit lake trout contain chlorinated hydrocarbons at
levels which exceed those observed in Lake Superior lake trout.
Swain's results showed the significance of atmospheric transport, and
the results of his precipitation analyses are shown in Table 4.3-1.
The ULRG reported a wide range of organic compounds found in Lake
Superior lake trout (Table 4.6—16). In its report (109), the Reference
Group statedthat "Lake Superior is being contaminated with persistent
toxic organic compounds from essentially unknown sources." "There is
also a real potential that if pollution by toxic organics continues
unchecked, the fisheries may eventually be lost because of public
health problems or, in the extreme, actual loss of the resource from
the lakes. This evidence indicates apparent ineffectiveness of con—
trolling toxic organics through partial bans."
An additional study of interest is by Sills and Allen (106). Efforts
were made to quantify the levels of the lampricide TFM in lake trout.













































































































































































































































































































































































































































































































































































































































































































































CONCENTRATIONS (MO/KO WET WEIGHT BASIS) OF SELECTED TRACE CONTAMINANTS
IN FISH COLLECTED FROM NEARSHORE LAKE SUPERIOR WATERS, 1974
MICHIGAN AND WISCONSINa
          
LOCATION SPECIES DDT PCB DIELDRIN MERCURY COPPER ZINC LEAD CADMIUM
MICHIGAN
Detection Limit 0.01 0 01 0.01 0.01 0.01 0.01 0.01 0.01
Whitefish Point Lake Trout 0.74 0.98 0.01 0.10 0.34 5.80 0.39 0.02
Fat Lake Trout 1.15.7 5.18 0.05 0 30 0. 3‘) 2.87 0.45 0.02
Mottled Slulpin 0.13 0.44 0.02 0.04 0. 2 11.90 1.50 0.09
Grand Marais Lake Trout 1.03 1.61 0.0? 0.39
Mottled Sculpin 0.10 0. 3‘) 11 0.01 0 66 11.70 1.40 0.07
Munising Herring, 0.17 0 1.? 0.01 0 18
Lake Trout 3.31 1 11 0.04 I) 44
Fat Luke Trout 3.4 5 10 0.04 0.71
Mottled Srulpin 0.01 0 09 h 0.07
Whitefish 0.19 0 17 0.19 0.04
Marquette Lake Trout 1.15 1 95 0.0L1 0. 1.’
Fat Lake Trout 1.89 5 05 0.08 0.64
Mottled Slulpin 0.011 0.15 1: 0.0.)
Whitefish 0.39 0 11 0.03 007
Presque Isle Mottled Srulpin 0.01 1: h 0 04
Big Bay Lake Trout 0.85 1.11 1» 0.16
Mottled Srulpin 0.09 0.15 0.01 0.05 0.9) 12.50 1.20 0.12
Hutch Bay Mottled Svulpin h h h 0.05 0.75 12.15 1 10 0.10
L'Anse Mottled St'ulpin o 1) h 0.02 0.66 11.78 1 40 0.08
Lower Portage Entry Herring 1.18 1.03 0.1.7
Lake Trout 1.35 h 0.02 0.11 0.56 5.11 0.26 0.09
Mottled Sculpin 0.09 0.04 h 0.02 0 1 11.86 1 20 0.10
Grand Traverse Bay Mottled Srulpin 0.02 h h 0.02
Bete Grise Whitefish 0.69 0.89 0.08 0.16
Copper Harhor Lake Trout 2.44 2.99 0.0.7 0. So
Mottled Sfulpin 0.04 0.09 h 0.03 0.90 11.92 1.30 0.11
Eagle Harbor Mott led Sculpin 0.10 0.15 1) 0.02
Eagle River Mottled Srulpin 0.43 0 46 0 03 0.04
Upper Portage Entry Lake Trout 0.98 1 17 0.02 0 43 0. )5 1.34 0.10 0.02
Mottled Sculpin b h h 0.05 1.12 12.45 1.50 0.13
Carver's Bay Mottled Sculpin 0.45 0.37 0.03 0.03 0.81 11.81 1.20 0.11
Big Iron River Mottled Sculpin 0.05 0.09 h 0.05 0.90 13.13 1.40 0.11
Black River Lake Trout 1.51 2 09 0.01 0.1l 0.40 5.44 0.36 0.02
Fat Lake Trout 5.11 8.37 0.07 0.58 0.39 1.12 0.28 0.04
Mottled Sculpin 0.62 h h 0.01
lsle Royale Fat Lake Trout J. 10 2.13 11 0 '38
Mottled Sculpin 0.06 1. 30 34.80 0.15 <0.05
Little Girls Point Lake Trout 0.47 l 25 0.03 0.22 0 56 6.16 0.25 0.02
Herring 0.61 1.10 22.45 0.39 0.22
Whitefish 0.06 0.82 8.00 0.23 0.09
WlSCONSIN
Detection Limit 0.001 0.001 0.001 0.01 0.01 0.01 0.02 0.05
Mouth of Bad River Bullhead 0.011 0.050 ’1 0.11 1.10 18.00 <0.02 <0.05
Northern Pike 0.008 0.020 1 0.29 0.20 7.00 0.03 \0.05
Walleye 0.023 0.200 0.004 0.02 0.58 13.00 <0.02 0.06











Northern Pike 0.015 0.030 1 0.22 0.34 39.00 <0.02 «0.05
Yellow Perch 0.030 0.050 1 0.02 0.32 17.00 <0.02 0.05
Chequamegon Bay Herring 0.057 0.097 '1 0.0") 0.29 12.00 0.05 0.05
Nortern Pike 0.025 0.026 ‘1 0.03 0.24 30.00 <0.02 <0.05










Whitefish 0.129 0.202 0.019 0.08 0.40 14.50 0.04 0.07





































Cisco 0.11 0.73 10.20 0.08 <0.05
Lake Trout 0.15 1.20 12.40 0.09 <0.05
Long Nose Sun‘kvr 0.12 1.40 15.20 0.13 0.09
Rainbow Trout 0.13 1.05 4-50 0.26 <0.05








































































































































































































MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS (uG/G) AND EAT (Z)
IN SLIMY SCULPINS (WHOLE FISH) FROM THE OPEN WATERS OF LAKE SUPERIORa
COMPOUND or LAKE AVERAGE





:1C 2 3 10 10
Fat
4 (0.50) 4 (0.33) S (0.26) 4 (0.22) 4.2
Total PCB
0.36 (0.14) 0.29 (0.05) 0.18 (0.02) 0.16 (0.02) 0.25
Total DDT
0.20 (0.06) 0.17 (0.01) 0.18 (0.02) 0.16 (0.01) 0.18
op' DDT 0.03 (0.01) 0.02 (0.003) 0.02 (0.006) 0.03 (0.005) 0.02
op' DDE
0.01 (0.00) 0.01 (0.00) 0.01 (0.002) 0.01 (0.002) 0.01
pp' DDT
0.05 (0.01) 0.05 (0.009) 0.06 (0.005) 0.04 (0.004) 0.05
pp' DDE
0.08 (0.02) 0.05 (0.003) 0.07 (0.007) 0.06 (0.01) 0.06
pp' DDD



























     




c. Number of composites analyzed.
d. n = 8





































































































































































































































































































































































































































































































































































































































MEAN CONCENTRATIONS OF TRACE METALS AND ORGANIC CONTAMINANTS (us/G) AND FAT (%)
IN ,LAKE TROUT (WHO
LE FISH) FROM THE
OPEN WATERS OF LAK
E SUPERIORa
COMPOUND or GRAND APOSTLE KEWEENAW WHITEFISH COPPERMINE CHUMMY PIC BATEAU LAKE AVERAGE
ELEMENT MARAIS DULUTH ISLANDS POINT POINT BANK BANK BANK ROCK (unweighted)
.
0
N 12 41 46 50 30 49 50 50 50
n 10 10 10 10 10 10 10 10 10
Fat 20 (1.84) 16 (0.78) 15 (0.60) 31 (1.13) 17 (1.11) 26 (1.15) 18 (0.67) 21 (0.61) 16 (0.78) 20.0
Total PCB 1.72 (0.22) 1.85 (0.09) 1.80 (0.22) 4.32 (0.27) 0.80 (0.07) 2.27 (0.26) 1.15 (0.13) 2.67 (0.25) 1.65 (0.14) 2.02
Total DDT 1.82 (0.35) 1.64 (0.14) 6.29 (0.76) 7.08 (0.59) 1.12 (0.11) 8.17 (0.70) 1.27 (0.15) 3.99 (0.61) 8.06 (0.89) 4.38
op' DDT 0.14 (0.02) 0.17 (0.02) 0.62 (0.07) 0.40 (0.03) 0.12 (0.01) 0.41 (0.04) 0.11 (0.02) 0.30 (0.03) 0.53 (0.08) 0.31
op' DDE 0.02 (0.003) 0.03 (0.004) 0.34 (0.04) 0.06 (0.01) 0.04 (0.004) 0.10 (0.01) 0.10 (0.01) 0.03 (0.02) 0.19 (0.02) 0.10
pp' DDT 0.42 (0.10) 0.31 (0.03) (0.21) 1.77 (0.15) 0.25 (0.03) 2.21 (0.14) 0.30 (0.04) 1.00 (0.19) 1.93 (0.29) 1.04
pp' DDE 1.07 (0.20) 0.97 (0.09) (0.48) 4.38 (0.38) 0.63 (0.07) 5.15 (0.49) 0.68 (0.07) 2.43 (0.36) 4.64 (0.44) 2.58
pp' DDD 0.17 (0.03) 0.16 (0.01) (0.05) 0.47 (0.05) 0.08 (0.007) 0.39 (0.04) 0.08 (0.01) 0.23 (0.03) 0.77 (0.14) 0.35




























































































   
 
   
   
a. The number in parentheses is the standard error of the mean.
b. Number of individual fish.
c. Number of composi
tes analyzed.
























































































































































































































































































































































































b. Number of individual fish.
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,, 5.19.1L1 9'0" mum,































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Perl/cram and PCB: 4 L'g/kg
SampleLab 401 137 1 Gross DteI- Chlor~ ‘Acthaxy-
Location SpeciesGtSize No. No. As Cd Cr Cu l-‘g Ni Pb Se 2n K Cs Beta Alph.) DDE ODD DDT drtn done BHC chlor Fat‘é PC? Data
Mouth of [114! Nemadji River Carp 24.0" 42 57388 .08 .018 .04 .30 .11 < .1 .04 .27 20.0 2.6—.5
"
Carp 24.0" 43 57389 .03 .013 .06 .17 .115 < .1 <02 .37 20.0 3.3—.6
" ' Carp 26.5" 44 57390 .07 .018 .08 .25 .12 < .1 <.02 .43 15.0 2.1 —.4
Carp 27.5" 45 57391 .04 .029 .05 .32 .17 < .1 .04 .28 12.0 3 1v,6
Carp 27.8" 46 57392 .14 .021 .08 .10 .19 <1 .04 .31 18.0 1.7—.4
Carp 25.0" 47 57393 .07 .021 .06 .22 .13 < .1 <02 .36 16.0 3.3—.6
Northern Pike
" 26.9" 48 57394 .03 .020 .11 .30 .21 < .1 <02 31 36.0 3.2—.6 .38—06 4.34.4
Northern Pike
" 22.2" 49 57395 .04 .045 .09 .21 .1‘. <.1 <02 .35 19.0 294.2 .32v.02 4.0—3 <.16 120 23 50 <1 ‘1 <1 <2 211 240
Northern Pike
" 17.8" 50 57396 .03 .031 .06 .15 .28 <.1 <02 .32 170 3.24.6 30—.06 3.9—.3 (.20 50 19 "2 <1 50 <‘ <2 113 120
Northern Pike




" 14.0" 52 57398 .29 .052 .06 .21 .16 <.1 <02 .39 11.0 3.2—.2 43:02 4.54.5 <23 65 47 75 65 50 <1 <
Walleye
(3)
" 10":012" 53 57399 .10 017 .09 .24 .14 <.1 <02 .39 12.0 3.3v.6 .33v.06 4.7—.5 <22 26 16 75 <1 50 <1 <2 115 285
Walleye
(5)
" 8" 1010" 54 57400 11 .019 .04 .24 .08 < ,1 < .02 .28 13 O 3.7~.6 46—06 4.9—.5 < .24 23 20 35 2 4O <1 < 2 1 22 174
Perch
(3)
H 7" to 9" 55 57401 .05 .017 .06 .65 .11 < .1 < .02 .39 9 O 2.6—.3 < .15 4.14 3 < ’71 26 60
Perch
13)












































6 ~31 335 "


























































































































































Lower St. Louis Rwer Carp 27.0" 59 57405 .03 .019 26 .34 .20
"
Carp 25.0"
60 57406 .03 .031 05 .36 .24
"
Carp 19.0"
61 57407 .12 .013 .04 .22 .06
"
Carp19.0" 62 57408 .03 .13 .12 1.1 .11
" Carp 19.0" 63 57409 .26 .021 .09 .29 .12
.07 .26 2O 0 2.0—.4
.03 .23 18.0 3.1-6
.22 14.0 2.3— 4
<02 .26 24,0 2.6—.4

























































1. Gross Spectrum by radioactivity.


















































































































































































































































































































































































































733 734 735 736‘737 736 739 74017“ \742‘743‘750/
339 4
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Fish Collection Description ppm PCB
P0RTION<33 Z
SITE DATE SPECIES SAMPLED ANALYZED FAT LOW HIGH
St. Louis River Mouth 07/74 5C* F 6.8 0,2 ,5 1,0
Nemedji River Mouth
07/74























N.E. Poplar 08/76 3LT, 3BR F 7.5 0.3 0.8 1.3
3 m{ W. Brule River 08/74 303M, 10W, 1RT F 2.3 0.1 0.2 0.3
W. Brule River 08/76 1BR, 4W, 4BB, 1H, SS,
2M F
6M3, 3CH EP 3.0 0.1 0.6 1.4
Mouth Brule River 07/74 10w, 2RT, 2BR F 2.7 0.0 0.1 0.2
W. Iron River 08/76 6CH EP 14.1 1.3 1.3 1.3
43 F 3.9 0.4 0.9 1.8
4W F 3.9 0.1 0.4 0.7
N. Port Wing 08/76 88M EP 2.1 0.3 0.3 0.3
W. Herbster 07/76 lBB F 1.0 0.1 0.1 0.1
N. Bark Pt. 07/76 ZLW F 10.8 0.2 1.5 2.7
1LT, 1BB F 5.3 0.1 0.4 0.8
E. of Squaw Bay 07/76 6CH, 88M, EP
43, 2LT F 4.0 0.4 0.8 1.3
N.W. Eagle Island 07/76 lSI F 28.8 2.4 2.4 2.4
N. Sand Island 07/76 6CH EP 7.9 0.8 0.8 0.8
N. Madeline Island 08/76 151 F
SCH EP 11.4 0.8 0.8 0.8
Bad River 09/74 lBR, ZNP, 4BU, 4W, 18 F 2.1 0.1 0.1 0.1
Cheq. Bay 08/74 1H, 16YP, 30SM, 4LW,
3W, 1NP F 3.9 0.1 0.1 0.1
Kakagon 08/74 7YP, 1NP, 29BU F 3.0 0.1 0.1 0.1
       


































































































































































































































































































































TABLE 4 . 6—15
































































































































































































































































































































































































































































































































































































































































































































































































































































Toxaphene components (C10H3017,a, trans—) 0.1 — 1.0












































































































































































(limit of detection — 0.01 ug/g).
272
4.7 Data on Wildlife
Table 4.7—1 summarizes data on organic contaminants and mercury
in ducks, starlings and eggs of herring gulls. The levels of
mercury found in 1970 by the Wisconsin Department of Natural
Resources (124) were not significant in the puddle ducks, coots
and geese throughout the state. Diving ducks, the blue heron
and the hooded merganser were found to contain greater amounts
of mercury. However, few samples were taken from the Lake
Superior Basin. The analyses of herring gull eggs from Lake
Superior showed a diversity of organic contaminants, including
mirex (73, 74). Significant declines were observed in DDE
levels, and apparent declines were noted for PCB and mirex
levels.
 
The results of a recent (163) study of pectoral tissues of
several bird species found in the Duluth—Superior Harbor are
shown in Table 4.7-1. The analyses of a first year gull,
between 4 and 5 months old, from the Duluth-Superior Harbor
revealed several additional contaminants: tetrachloro—
heptachlorobiphenyl, pentachloroanisole, hexachlorobenzene,















SAMPLES SPECIES ANALYZED MIREX DDE DDD DDT DRIN EPOXIDE 811C 11CB mi PCBs 1260 MIREX $0ch













































1974-75 Lake Superior 10 Herring Eggs





































l.3+l.7 22f9 .08+.O4 .l9f.08 .3+.1 .14+.06 H .12+.04
71+38 54+29












































































































































































































































































































































































































































































































































































































































































1976—77 Lake Michigan cruises.
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1970 10m depth near: — 1.0(e) — ~ .8(e) .2(e) — — — — - — -
Waukegon - — — — 19 (d) 3.3(d) — — — — — — -
Ludington - - — - .4(d) .6(d) — - — - — - -















Station Intake (.6—4.9) (1—14) (1-35) (4—15) (.07-2.97) — <3 - — - -
North Chicago 1.4 <1 2 - <1-2 2 .56 - :3 - - ‘ 8
Public Water Supply (.5-3.4) (.06—3.) (1-26) 131
Intake
‘4 1969—71 Estimated General 1—2 <1 .5-6 .O3—.6 5—10 1—8 .02-.4 N.D.-2 2—5 .1-1 .3(b) .2(b) 2—60 131
Offshore Concentra—
tion
1974-77 Ford River WTP
(annual) Mouth of Ford <1—2 .5—2 - — 1-3 <1-34 <.1—.3 — 11—12 <2 <1 ~ 9-15 135
River




1972—77 City of <l—.4 <.l—.5 2—6 — 8—16 <l—6 <.1—.4 — <S—9 <2 <1 . 2—15 135















1974—77 Masonville, (.2 1—3 -— — <l-4 <1—10 <.l-.8 - 9-11 <1 <1 -‘ 6-22 135
(annual) White Fish
River Mouth
1972—77 Menominee <1—5 <.l—1 <1-3(b) - 7—34 <1-30(b) <.1—.4 — 5—16 <1 <1-2(b) — 43—300 135



























































































































































































































































































































































































































































































































































































zmc DISTRIBUTION m LAKE MIC am










































































































































































































































AVERAGE TRACE ELEMENT CONCENTRATIONS FOUND IN LAKE MICHIGAN














































































































































































































































































































Date Stations Samples As Cd Cr Co Cu Pb ng Mo Ni Se Ag V Zn Source
1973-77 Grand River 11 2—4(d) 4—6 — — 8-17 13—47 <.2—.2 — 20—42 <2 <l—?(d) — 11—3A 135
Rives Twp.
1974—77 Grand River 72 — <.l-16 — — <l—75 <1—170 — — <5—110 <2 — — <1—l90 135
Windsor
Twp.
1973—77 Kalamazoo River 11 <1—2 .2—5(d) —
— 8—18 2—22 <.2—1 - 21—29 <2 <1—l(d) — 16-270 135
Cooper Twp.
1975—77 Kalamazoo River 5 <l—2 .1—3
—
— 6—13 <l—l9 <.1—.5 — 24—26 <2 <1
— 10—12 135
Comstock, MI
1973—77 Manistee River 5 — — — — 2-3 _ _ _ _ <2 <1_2 _ _ 135
Manistee, MI
 
1974—77 Manistique River 4 <1—.2 <.1-l -






1974-77 Menominee River 4 <l—1 1‘4 — — 2-25
Mellen Twp.
2—14 <.1—.7 — 8—11 <2 <1
- 16—38 135




1973—77 Muskegon River 6 <1—2
Muskegon Twp.
3—13 <.1-.2 — 10—14 <2 <1 — 4~52 135
1975—77 Pere Marquette R. 4 <1—1
1—2
—





















































































































































































































 THE MOUTHS OF LAKE MICHIGAN TRIBUTARIES (137)



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SAMPLING COMPOUNDS FOUND INFORMATION
DATE SITE AND CONCENTRATIONS SOURCE
1968 8 km west of DDT, 0.002 ug/L 129, 131
Ludington and DDD, 0.001 pg/L
25 km west of DDE, 0.0005 Ug/L
Saugatuck Dieldrin, 0.001 ug/L
1971 open waters PCBs, <0.01 pg/L 131
nearshore waters PCBs, <0.01 ug/L
1972 0.5 km from shore 131
16 samples PCBs, <0-01 Ug/L
Vicinity of:
— Ahnapee River PCBs, 0.051 Ug/L
— East Twin River PCBs, 0.020 ug/L
— Menominee River PCBs, 0.015 ug/L
— Oak Creek PCBs, 0.027 Ug/L
— Calumet River PCBs, 0.056 ug/L
— Galien River PCBs, 0.015 ug/L
— Paw Paw River PCBs, 0.028 ug/L
- Pentwater River PCBs, 0.012 ug/L
1962—63 within Indiana Harbor Phenols, average 33 ug/L 131
Indiana Harbor Canal Phenols, average 159 ug/L
(12 samples)
Adjacent to Indiana Phenols, average 3.1 ug/L
Harbor
1963 Mouth, Milwaukee River Phenols, average 5-8 ug/L 131
1965 Indiana Harbor Phenols, average 15 ug/L 131
Chicago South Water Phenols, 20% samples >3 ug/L
Filtration Plant
1968 1033 inshore samples Phenols, average 2 ug/L 131
1970—71 Kenosha to North Phenols, in 93% <1 ug/L 131
Chicago — nearshore of 232 samples


















ORGANIC CONTAMINANT SURVEY OF LAKE MICHIGAN NEARSHORE WATERS )
ORGANICS SOUGHT AND ANALYTICAL DETECTION LIMITS (Hg/L)
Aldrin: 0.01 Silvex: 1.0
Dieldrin: 0.02 Endrin: 0.02
o,p—DDT: 0.01 Heptachlor: 0.02
P:P-DDT: 0.01 Lindane: 0.05
Dibutyl phthalate Methoxychlor: 5
(DEF): 1'0 PCBs: 0.3
Diethylhexyl I
phthalate (DEHP): 1.0 Ar°C1°r 1242' 0'1
Toxaphene: 1.0 Aroclor 1254: 0.1
Chlordane: 0.1 Aroclor 1260: 0.1
2,4-D: 5
ORGANICS IN EXCESS OF ABOVE
SAMPLING N0. SAMPLING DETECTION LIMITS, CONCENTRA-
DATES SAMPLES SITE TIONS, AND DATES NOTED
1974—77 6 Grand River Mouth, none
Grand Haven, MI
1975-76 4 Water Intake, DBP — 1.3 ug/L (01/76)
' Holland, MI DEHP - 1.5 ug/L (01/76)
1974—76 3 Manistee River Mouth, ' none
Manistee, MI
1974-76 5 Green Bay, none
Menominee, MI
1974-76 4 Muskegon River Mouth, DEHP — 3.0 pg/L (05/74)
Muskegon, MI — 2.4 ug/L (06/76)
1975—76 4 Water Intake, . DEHP — 1.7 ug/L (07/76)
St. Joseph, MI
1976—77 4 Kalamazoo River Mouth none
Saugatuck, MI
1974-77 4 Boardman River Mouth ' DEHP — 2.0 ug/L (07/74)
Traverse City, MI





























































DDT - 0.003 ug/L (11/72)
Aroclor 1254
DDT





















































































































































































































































































































































































































































































































































































































































































































































































































































*implies that acetone i
n concentrations betwee
n 1 and 2 ug/L was obs
erved at site 1
(see Table 5.1—10, wher
e site 1 is the West Si











































































































































































































































































































































































































































































































































































































LIST OF BASE—EXTRACTABLE COMPOUNDS OBSERVED





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SUMMARY OF DATA ON HEAVY METAL CONCENTRATIONS






















































































































































































































































































































































































































































LAKE MICHIGAN SEDIMENTS — METAL ANALYSES
 
NUMBER
C O N C E N
T R A T I O
N — p p m
d r y w e
i g h t
SAMPLING STATION SAMPLING '7 7 ‘ ‘7” 77‘ “44477777747” “ ”U 7 ‘W ‘ “A “7 A ‘ “7_—‘ INFORMATION































































































































































































































































































































































































































































































U.S. EPA REGION V ANALYSES OF SEDIMENTS















Great Lakes Training Bas















uted re: Hg) Mercury (mg/kg) # Values
(1975—76) >1 mg/kg
e, IL 2-14 5




, MI 9 1
e, IL 31 1











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the total area mapped as soil.
n.d. Not detected












































































































Total area of the









































































































































































































































































































































































































































































































































































































































































































































 TABLE 5.2-7 3
ORGANIC CONTAMINANT CONCENTRATIONS IN SEDIMENTS OF
(a)
LAKE MICHIGAN (1976)
ORGANIC CONTAMINANTS SOUGHT AND ANALYTICAL
DETECTION LEVELS (Mg/kg)
 
Dieldrin: 5 HCB: 2
Chlordane: 20 HCBD: 2
DDD: 10 Aroclor 1254: 500
DDE: 4 Aroclor 1260: 500
o,p-DDT: 5 Aroclor 1242: 500
p,p—DDT: 5
ORGANIC CONTAMINANTS FOUND IN EXCESS
STATION (Vicinity of) OF DETECTION LEVELS AND CONCENTRATIONS
Galien River none
St. Joseph River Dieldrin — <10 Ug/kg at 30 meters (m)
DDE - <10 ug/kg at 30 m
HCB — < 5 ug/kg at 30 m
HCBD — < 5 ug/kg at 30 m
South Haven HCB — < 5 ug/kg at 45 m
HCBD - < 5 ug/kg at 45 m
Kalamazoo River none
Holland p,p—DDT — 5.9 ug/kg at 15 m
7.1, 5.6 ug/kg at 30 m
White River p,p—DDT — 7.4 ug/kg at 30 m





Manistique River Harbor Aroclor 1242 — 5.1 mg/kg, 2.6 mg/kg, 17.5 mg/kg
Aroclor 1254 — 5.1 mg/kg, 0.6 mg/kg, 7.8 mg/kg
Escanaba River none































































































































































































































































































































Table 5.2-9—-AVERAGE CONCENTRATIONS OF TRACE ELEMENTS, IRON OXIDE, ORGANIC CARBON,
AND LESS THAN 2-MICRON CLAY IN SOUTHERN LAKE MICHIGAN CORES
Consfifuenf
Top in+erval*
1 - 7 cm
4 - 12 cm
8 — 20 cm




























































































0.065 t 0.033 (22)
0.070 t 0.022 (15)
0.067 t 0.023 (21)
0.057 t 0.023 (19)




























< 2“ clay (5)













* Values given for each interval are, in order, average trace element concentration, standard deviation, and number of
samples used to compute the mean.






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ANALYSES OF THE ATMOSPHERE AND
PRECIPITATION IN THE LAKE MICHIGAN BASIN
No.
Date and Sampling Site Sample Samples Experimental Results Source
1975—77 Chicago (DePaul Rain 31 PCBs—(Arith. mean—193 ng/L) 102, 140
University) (Z dissolved -66)
1975—77 Chicago (DePaul
University) Snow 4 PCBs (Arith. mean—212 ng/L) 102, 140
(Z dissolved -36)
1975-77 Chicago (DePaul 3
University) Air 4 PCBs (Arith. mean—7.6 ng/m 102, 140
(Z in filtered portion-97)
1976 Beaver Island Rain 13 PCBs (Arith.mean—215 ng/L) 102
(Z dissolved—53)
1976 Mammoth Cave Air 1 PCBs —6.7 ng/m3 102
National Park (Z in filtered portion—95)
1976 Landfill Cases 2 PCBs - 3240 ng/m3 102
1976 Chicago Area Rain 5 PCBs — 97.5 ng/L 112
Beaver Island Rain 1 PCBs — 229 ng/L 112
1976 Menominee River Rain Pb — 32 ppb* 144
Watershed Cd — 3.74 ppb
3
1977 Open waters Air 1 PCBs—Filtered extract—.12 ng/m 146
(76% — 1242 24% — 1254)
1 PCBs Vapor state — 1.4 ng/%
(7OZ— Aroclor 1242:
3OZ Aroclor 1254)
1 PCBS Total - 0.66 ng/m3



















































































































































































MM — Mathematical Model
PC - Precipitation Chemistry
NA - Not available












































































































































































































































































(IO’kq FER YEAR) 2500 4300 6800
NSTITUENT Fe Pb Ni Cu Cd






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 5.4 DATA ON MUNICIPAL AND INDUSTRIAL DISCHARGES AND SLUDGES
Tables 5.4—1 to 5.4—4 summarize the results of a study by the U.S.
EPA Region V Eastern District Office to evaluate the levels of
organic contaminants in effluents and sludges from wastewater treat-
ment plants in Battle Creek, Jackson, Niles and Three Rivers (150).
The predominant contaminants appear to be Aroclor 1242 and 1254, and
phthalate esters.
Extensive surveys have beenmade of PCB levels in sludges and
effluents in the Lake Michigan Basin. The PCB levels in Table 5.4-5
(151) in sludges from four wastewater treatment plants and from one
industry ranged from 1.3 ppm to 15 ppm during 1973—74. A survey by
the Wisconsin Department of Natural Resources (127) estimated that in
1975, 2000 lbs. of PCBs were discharged into Green Bay from major
point sources along the lower Fox River. Most of this quantity came
from mills which recycle waste papers. The daily estimated releases
are shown in Table 5.4—6.
In 1978, Peterman gt al, (152) reported the reSults of a study to
assess the sources and distribution of organic compOunds, particularly
chloro—organics, in the 64 km Lower Fox River in northeastern Wisconsin.
During 1976—77, about 250 samples were analyzed, including biota and
15 mill and 12 sewage treatment plant effluents. Table 5.4—7 lists
the compounds identified in the study, and the concentration ranges
for compounds which were quantified.
The presentation by Jones and Lee (87) summarized the results of many
studies on the compounds found within municipal wastewater effluents
and sludges. Table 5.4—8,which lists the results of a U.S. EPA
sponsored study to identify organic compounds in the Muskegon
wastewater system, is taken from the summary byJones and Lee.
Tables 5.4—9 and 5.4—10 are obtained from the Wisconsin Department
of Natural Resources publication "Surveys of Toxic Metals in
Wisconsin". (125). Although many of the plants listed on Table
5.4—9 are not in the Great Lakes Basin, the information is
included for purposes of comparison.




Also of interest is the U.S. FDA study (158) which evaluated the
effects of discharges of PCBS and PCB substitutes (Pydraul 50 E)
from the Outboard Marine Co. outfall in Waukegon Harbor. The



















































































































































































































































































































































































































































RAW WASTE EFF‘LUENT sumcg















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































**ug/L applies to influents (inf.) and effluents (eff.)
ug/kg applies to sludges.




































































































































































































































































































































































April 22, 1975 18
July 18, 1975 27
Sept. 26, 1975 2
Oct. 7, 1975 9.9
Nov. 26, 1975 . 75
Dec. 22, 1975 52
Jan. 9, 1976 75
Jan. 22, 1976 17
Jan. 30, 1976 19
Feb. 6, 1976 34
Feb. 13, 1976 36
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 TABLE 5.4-6 CONT'D





River Wastewater gallons of Value in of PCBs
Basin Source Process Water Date ppb Ave. ppb Discharged
Fox River Kaukauna WWTP 2,470,000 Feb. 15, 1973 .11
Oct. 3, 1973 .09
Oct. 15, 1974 .10 .10 .002
Fox River Wrightstown
WWTP 190,000 March 20, 1973 >.05 >.05 >.00007
Fox River DePere WWTP 2,360,000 Feb. 15, 1973 .30
Oct. 15, 1974 .50 .40 .007
Fox River Fort Howard
Paper Co. 18,000,000 March 4, 1975 6.8
May 6, 1975 10
July 8, 1975 4.4
Aug. 21, 1975 14
Oct. 2, 1975 160
Dec. 19, 1975 56
Jan. 8, 1976 31
Jan. 15, 1976 31
Jan. 21, 1976 3.5
Jan. 28, 1976 6
Feb. 4, 1976 1.4
Feb. 12, 1976 3.2
April 21, 1976 1.2 25.27 3.793
Fox River American Can 4,750,000 Jan. 25, 1976 .20 .008
Fox River Charmin Paper 11,000,000 Jan. 14, 1976 .20 .018
Fox River Green Bay i
Packaging 1,000,000 Oct. 21, 1974 .45 .004
Fox River Green Bay WWTP 35,640,000 Jan. 22, 1976 .40 .119
Peshtigo R. Badger Paper
- Mills 1,486,000 Oct. 30, 1974 .10
Aug. 21, 1975 .20 .15 .002
Peshtigo R. Peshtigo WWTP 4,340,000 Aug. 21, 1975 .20 .007
Menominee R. Scott Paper Co. 4,900,000 Oct. 30, 1974 .10
March 3, 1976 .60 .35 .014
Menominee R. Marinette WWTP 2,620,000 Oct. 30, 1974 .10 .002
Oconto R. Scott Paper Co. 8,360,000 Oct. 30, 1974 .10 .007












































































































































































































































































































































































































































































































































































































































Coke #1 2,100,000 July 30, 1975 .1 .001
Maynard Electric
Steel #1 July 30, 1975 <.1 —
Grey Foundry —
W. Allis #2 19,000 July 31, 1975 .2 .00003
Root River Caledonia WWTP 103,000 Feb. 28, 1973 16 .0001
Racine WWTP 16,900,000 Sept. 10, 1973 .27 .038
16,920,000 Dec. 18, 1974 .1 .014
     
*Average daily discharge figures are
taken from Chapter NR 101 files (for
industrial discharges) and from muni-







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Scott Paper Co., Onconto Falls, WI
Fansteel Inc., N. Chicago, IL
Ansul Company, Marinettee, WI
Marinette WWTP, WI
Appleton WWTP
Briggs & Stratton Corp., West Allis, WI








Arsenic Levels >250 ug/L
1540 ug/L
675 ug/L


















































































































































































































































































































































































































































































































































































































































1 Data by Atomic Absorption.






































































C1 10 130 179
C0 461 277 333
Cr 252 206 382
Cs 143 500 2357
Cu z1200 =1000 =1400
Eu 232 232 197
Fe 2890 2105 1840
Hf 2250 1250 1500
Hg 5900 3330 5185
I 800 910 500
K 453 606 543
La 1100 330 365
Lu N.D. N.D. N.D
Mg 27 21 43
Mn N.D. 3700 3700
M0 350 1950 1950
Na 62 53 108
Rb 1100 2200 2200
Sb 304 347 74
Sc N.D. 3330 3660
Se 2290 7230 5783
Sm N.D. 500 2666
Sr 144 113 77
Th N.D. 2920 2916
v 1900 400 325
Yb N.D. N.D. N.D.
Zn 1690 1440 875











concentration FaCtor — Concentration in Water


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Tables 5.6—9 and 5.6—10 (125) illustrate some of the heavy metal
concentrations observed in Lake Michigan fish. The averaged mercury
levels were below .5 ppm. A special study (124) showed that most of




ORGANIC COMPOUNDS IDENTIFIED IN


































































































































































































































































Detection Level - 0.01 ppm




Concentrations of pesticides and PCBs in fall collections of Lake Michigan
bloaters and lake trout off Saugatuck, Michigan, and coho salmon from east—
central Lake Michigan. (Ref. 155)
  








1969 120 270 9.94 (0.33) 0.27 (0.01) —
L 1970 28 263 9.87 (1.44) 0.19 (0.02) -
g 1971 603/ 264 6.24 (1.13) 0.27 (0.06) —
1972 1202/ 255 4.33 (0.48) 0.18 (0.03) 5.66 (0.95)
1 1973 1601/ 250 2.09 (0.26) 0.28 (0.02) 5.24 (0.37)
i 1974 1102/ 257 1.33 (0.14) 0.28 (0.03) 5.57 (0.31)
i 1975 1702/ 249 1.27 (0.20) 0.39 (0.03) 4.54 (0.36)
1976 1103/ 253 0.90 (006)3/ 0.35 (0.02) 4.11 (0.22)
E Coho salmon
% 1969 11 621 11.82 (2.69) 0.21 (0.02) —
1970 13 651 14.03 (1.29) 0.12 (0.02) —
1971 15 674 9.85 (1.41) 0.11 (0.01) —
1972 10 693 7.17 (1.09) 0.13 (0.04) 10.93 (2.12)
1973 29 620 4.48 (0.34) 0.09 (0.01) 12.17 (0.77)
.‘ 1974 30 665 3.82 (0.34) 0.10 (0.01) 10.45 (0.92)
E 1975 30 645 3.25 (0.20) 0.10 (0.01) 10.77 (0.59)
1976 30 635 2.98 (0.20) 0.08 (0.01) 9.21 (0.46)
Lake trout














































































l/Concentrations in whole fish, wet weight with 95% confidence interval in
parentheses.
E/Composite samples, 5 fish/sample.
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' Coho Salmon CS
Chinook Salmon CN
Crappie CR




















‘ White Sucker WS
Yellow Perch YP



























































































































































































































































































































































































































































































































































































































































































































































4 mi. S. Chambers Is.
5 mi. S. Chambers Is.
7 mi. S. Chambers Is.













































































































































































































































































































































































































































































































































































































































































































































































































































































































































SBU EP 2.0 19.0 30.5 50.0
* With reference to the letter code in Table 5.6—4, 1 CH implies that
l chub (CH) was analyzed.






















































     
 




































































































































































































































































































Species Fishing Site gay Cooked
Carp Sturgeon Bay 16.3 13.7 (smoked)





4.8 4.8 (deep fry)
3.0 3.0 (deep fry)
2.9 3.1 (deep fry)






Lake Trout Grid 706 14.0 13.8 (deep fry)
6.0 5.7 (deep fry)





































































































































































































































Arsenic, Cadmium, Chromium. Lead and Zinc Levels in Fish From Wisconsin Waters
Sutnplc Length Metal Levels in ppm
Water County Site DEL Nunibgr_4 _SmmLo____ (Inches) Cr Zn Cd As Pb
Fox River Racine Below Burlington 5 Aug 1970 548 Sucker 14.6 — — 0 — 0.28
480 Sucker 16.0 — — 0 — 0.75
481 Redhorse 16.0 0 5.7 — 0 —
483 Curp - A e — — 0.32
485 Carp 0 — 0.22
488 2 Crappie 7 — ' ~ 0 — -—
484 White Buss 14.0 0.03 4.0 — 0 —
476 Smallmouth Buss 17.3 — 4.7 — 0 —-
551 Channel Catfish 12.0 — —' 0 — —
552 Channel Catﬁsh 12.0 « — 0 — 0.35
Green Bay Brown E. of Fox River 5 Aug 1970 1,193 Carp . 16.0 — A 0 — 0.44
Mouth 1,194 Carp 16.0 - — 0 — 0.46
1.195 Carp 16.0 — ~ 0 ~ 0.27
1.191 Carp 18.0 0.07 8.8 — — —
1,190 Carp 30.0 0.27 7.1 — — —
Green Bay Door N. of Sturgeon Bay 5 Jun 1970 358 5 Sucker 14.7-18.5 — — — — 0.12
Canal 360 Lake Alewife 6.7-9.5 — — 0 — 0.|2
363 Ciseo 16.0 0 3.7 - 0.10 —
359 3 Burbut 20.0-28.8 0 5.1 0.10 —
356 Lake Trout 26.0 — - — — 0.11
355 Lake Trout 28.5 - — 0.35 —
lake Michigan Kewaunee E. of Kewuunee 1 Jun 1970 323 10 Alewifc 5.6-8.0 — — — ~ 0
335 Rainbow Trout 17.7 — — 0 — 0.25
332 Brown Trout 18.5 — — 0 — 0.25
336 Brook Trout 17.3 0 3.2 — 0 -
334 Cohgjﬂmpn 19 3 0 4 1 — 0 14 —
Lake Winnebago Winnebago Asylum Bay 23 Apr 1970 232 Freshwater Drum 13.5 — — 0 - 0.05
228 Freshwater Drum 14.0 — — 0 ~ 0.05
229 Freshwater Drum 17.0 0 4 1 - 0 -
231 Freshwater Drum 17.0 — — — 0 —
238 2 Crappie 1 1.0 — — 0 — 0.05
236 Crappie 1 1.0 - — 0 — 0.05
234 Crappie 1 1.0 O 4.6 — 0 —
237 Northern Pike 12.0 0 4.8 — 0 - —
239 Northern Pike 20.0 — — 0 - 0.94
Menominee River Marinette River Mouth 20 May 1970 182 2 Sucker 14.0-18.0 — — 0 - 0.07
and 66 2 Sucker 20.0 — — 0 — 0.18
15 Jun 1970 181 3 Bullheads 8.8-9.1 — — 0 — 0.05
69 3 Bullheads 8.5-10.0 — — 0 - 0.05
214 2 Sunfish 7.0 0.04 5.7 — 0 —
176 Sunﬁsh 7.5 0 4.8 — — -
215 Largemouth Bass 14.5 0 3.7 — 0 —
185 Largemouth Bass 16.0 0 4.1 ~- 0.12 ~
Milwaukee River Milwaukee Above North Ave. 9 Jul 1970 418 8 Goldﬁsh 10.0 0 18.3 — 0.10 —
417 3Carp 10.0-13.0 — — 0 — 0.30
416 Carp 14.0 — — 0 - 0.27
415 Carp 16.0 — —- — 0 —
Milwaukee River Milwaukee Milwaukee Harbor 20 May 1970 18 Sucker — 0.42 6 9 — 0 -
‘ and 22 3 Sucker — — — — - 1
25 May 1970 17 2 Coho Salmon 18.0-20.0 0 4.6 — 0 — ‘
Milwaukee River Ozuukee Above Thicnsvillc 81111 1970 407 4 Sucker 10.0-14.0 0 4.8 — 0 —
4011 4 Sucker 11.0-12.0 0 4.7 - 0 ~
409 Curp 15.0 — — 0 -— 0.05
411) Curp 17.0 — — 0 - 0.30
411 Carp 18.0 0 10.6 — 0 -
414 Northern Pike 15.0 — — 0 — 0.06
412 Northern Pike 17.0 0 4.2 — 0 —
413 Northern Pike 17.0 - - 0 - 0.05
   
  












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































No. of No. of
pools individuals Mean PCB(2)
Specimen analyzed per pool Est. 1254 Est. 1248
Sister Islands
Addled eggs—1973 l 10 463 74.1
Addled eggs-1974 l 10 421 77.7
Cracked eggs—1973 l 19 347 68
Cracked eggs—1974 1 15 322 67
Renest eggs—1973(6) 1 10 71.1 71.1
Random Collection—1971 3 4 178 39.8
Random Collection—1972 3 3—4 309 73.1
Random Collection—1973 3 3-4 349 107
Random Collection—1974 3 4 249 74.2
  
(1) A11 residues expressed as ppm wet—weight basis.
(2) Where more than one pool was analyzed, the means are weighted for the sample
size of each pool.
(3) Residue data must be considered unreliable because NaZSO4 contamination was
approximately equal to this value.
(4) ND = Not Detected
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ABBREVIATIONS AND CHEMICAL SYMBOLS










EP: Edible portion (in reference to fish samples)
F: Fillet (in reference to fish samples)




(Commonly known as dieldrin)





ppb: parts per billion (nanograms per gram)
ppm: parts per million (micrograms per gram)
SD: Standard deviation '
TDE: Tetrachlorodiphenylethane, also referred to as: DDD
TFM: 3-trifluoromethyl_4-nitrophenol
TWP: Township
WTP: Water treatment plant
WWTP: Wastewater treatment plant
Chemical Symbols
Ag: Silver Mo: Molybdenum
As: Arsenic Ni: Nickel
Cd: Cadmium Pb: Lead
Co: Cobalt Se: Selenium
Cr: Chromium Sr: Strontium
Cu: Copper V: Vanadium
Mg: Mercury Zn: Zinc
373
  
